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PREFACE 

This bibliography and index on dynamic pressure measurement is one of a 
series of reports intended to summarize the state-of-the-art in various areas 
of the field of instrumentation. These reports are the results of surveys 
conducted as part of a program of instrumentation research and development 
which is cooperatively sponsored at the National Bureau of Standards by the 
Atomic Energy Commission, the Office of Naval Research and the Air Research 
and Development Command. This program is administered by the Office of Basic 
Instrumentation, W. A. Wildhack, Chief. 

It has been the aim in these surveys to include critical evaluation and 
organization of the available information. In dealing with the broad area of 
dynamic pressure measurements it was considered desirable to limit the scope 
of the initial work to the preparation of a bibliography. The references have 
been extensively indexed and classified by subject and author to assist the 
user in the task of making detailed analyses with respect to his particular 
interest. The bibliography may also serve as the starting point for more 
detailed surveys of more specialized parts of the subject. 

The work on this project was conducted in the Mechanics Division, 
Walter Ramberg, Chief, under the direct supervision of E. C. Lloyd, Chief of 
the Mechanical Instruments Section. 

A. V. Astin 
Director 
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BIBLIOGRAPHY AND INDEX ON DYNAMIC FRESSURE MEASUREMENT 

W. G. Brombacher and T. W. Lashof 

This circular contains a bibliography of 8£0 items 
on dynamic pressure measurement and, in less detail, on 
related subjects such as static pressure measurement and 
general information on the components of instruments. An 
index of the bibliography by both subject and author is 
included. 

1. INTRODUCTION 

1.1.Scope of Bibliography 

A number of decisions had to be made on the scope of this bibliography. 
These included (a) the applications to be included, (b) the degree that so- 
called static instrumentation should be covered, and (c) the extent that 
design parameters should be included. Obviously coverage could not be 
complete in any of these cases, without increasing inordinately the size 
of the bibliography and the labor. 

At this point a definition of dynamic instrumentation will be ventured. 
If a measurement can be made, while the pressure (or other quantity) is 
changing, even very slowly, the instrument for that measurement is a dynamic 
instrument. It is assumed here that corrections for lag and other factors 
can be made so that a true value of pressure (or other quantity) can be 
deduced. Under this definition many instruments ordinarily classed as 
"static", including liquid columns and piston gages, may be "dynamic" for 
low rates of change of pressure, if means for securing dynamic reading are 
devised. 

Thus, pressure instrumentation cannot be divided uniquely into static 
and dynamic types for all possible applications. An instrument "too slow" 
for a particular application may be classed by the engineer as good only 
for static measurement, while for another application the same instrument 
may be classed as dynamic. From this viewpoint it seemed reasonable to 
include some references in the bibliography on instrumentation ordinarily 
classed as suitable only for static measurements. Another point considered 
in including references to static instrumentation was usefulness of such 
instruments as a standard in making static calibrations of dynamic instruments. 

There was some question as to how far to go in including references on 
basic design and performance factors. A limited number of references are 
given on such quantities as drift or creep, hysteresis, temperature coefficient 
of elasticity, on important diaphragm and electrical resistance materials, 
on piezoelectric materials and on seals and solders. There are probably 
significant omissions and on most of these subsidiary subjects the coverage 
is far from complete. 

-I" 
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The fields of application covered in the bibliography include blast 
pressures, underwater explosions, automotive powerplants, ballistics, 
meteorology, aeronautics, and physiology. Less well covered, but perhaps 
adequately for an introduction to the field, are applications in 
acoustics, geophysics, industrial and miscellaneous explosions, hydraulics, 
structures, high pressure and high vacuum. 

Pressure measuring instrumentation and associated factors are outlined 
below jn order to give an indication of the coverage in the bibliography. 

a. • Pressure Sensing Elements 

(a) Crusher gages, indenter gages, rupture disks, and permanently 
deformed diaphragms or other shaped structures form a class which without 
additional mechanism, are direct indicators or recorders of a dynamic 
pressure, usually in the nature of a shock. 

(b) Diaphragms in their various forms, bellows. Bourdon tubes, bells, 
and cylinders and pistons form a class of pressure sensing elements of which 
the deflection, converted to an indication or record by mechanical, optical, 
or electrical means, is a measure of a pressure change. Of these, diaphragms, 
bellows, and pistons and cylinders, are commonly used for dynamic measurement 
to the limit of their utility. 

(c) Piezoelectric crystals, pressure sensitive electrical resistors 
(liquid or solid), and electro-kinetic pickups form a class of sensing 
elements the output of which under a dynamic change in pressure is electrical 
in nature. This output is converted to a usable indication or record by 
suitable electrical circuits. Hot-wire and ionization vacuum gages fall into 
this class also, but are suitable only for essentially static measurements; 
accordingly, only a few references on them are listed in the bibliography. 

(d) Optical pressure sensing elements are indirect in nature; the 
phenomena occurring in a gas are photographed so as to obtain spectra or 
diffraction effects from which the pressure is deduced. The application 

is largely in aeronautics. 

(e) Primary sensing elements, not falling into any of the above 
classes, include a combination of a vibrating wire and diaphragm capsule 
"Vibratron", and vapor pressure from a boiling liquid or subliming solid 
in equilibrium with the gas the pressure of which is to be measured, with 
sensing by a thermometer (hypsometer). 

b. Transducers 

Transducers may be divided into three types: 

(a) A first type includes the types of pickups or transducers which 
convert the deflections of selected primary sensing elements listed in 
paragraph 1 (b) above to an electrical signal which is usually amplified 
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to give a usable indication or record. Commonly a diaphragm is used as 
the primary element. Transducers include the following types: capacitance, 
inductance in its various forms, potentiometer, resistance wire strain gages, 
self generator of a voltage, photoelectric tube, vacuum tube (controlling 
position of the grid or plate), magnetostriction, electrical contact (for 
pressure balance), frequency (of vibrating wire), and most of that class of 
pickups called microphones which for the most part fall into one of the 
types of pickups just listed. 

(b) A second type are pickups or transducers for converting the 
deflections of the primary sensing elements listed in paragraph 1 (b) above 
to an indication, or record, essentially by optical means, excluding elec¬ 
trical indication or recording. These are principally the optical lever 
and the interferometer. 

(c) Mechanical pickups associated with a number of the primary 
sensing elements listed in paragraph 1 (b) form the third class which 
includes the common pressure gage. These include mechanical multiplying 
liri<ages, pressure-pressure balance, force-pressure balance and scales (for 
liquid columns). This class has limited application in dynamic instru¬ 
mentation. 

c. Auxiliary Apparatus 

This includes amplifiers, electrical circuits and circuit elements, 
timers, indicators, recording methods and telemetering, largely for the 
primary elements, paragraph 1 (c), and transducers, paragraph 2 (a). 

d* Design and Performance Data 

Included is the performance of instruments and instrument elements, 
pressure lag in connecting lines, electrical cable problems, and calibration 
methods both dynamic and static are all pertinent to dynamic instrumentation, 
on which coverage is essential. 

1.2,Scope and Use of Subject Index 

The policy of rather heavy cross indexing was followed in two directions. 
First, to aid the user, synonyms and differences in technical nomenclature 
and cross referenced insofar as known to the authors. For example, papers 
covering pressure lag in liquid and pneumatic lines are listed under "Lag, 
fluid lines" and cross-indexed under Lines; Pneumatic lines: Pipe-line lag; 
Pressure lag in lines; and Tubing, connecting, pressure lag. In spite of 
all efforts, completeness has not been achieved. 

Second, each paper and report on instrumentation, as applicable, is 
listed under the application, the primary sensing element, the transducer, 
the electrical circuit, and where significant, under the recording means. 
Under the heading "Frequency response data", some papers and reports are 
listed in which experimental data on frequency response or natural frequency 
are given. 
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It was found impractical to do more than indicate the topics covered 
in a paper, and in many cases incompletely. Books on subjects not 
directly concerned with pressure measurement, such as those on circuits 
or magnetism, are not indexed in any detail, usually only under "Books 
and surveys" and under the subject of the book. 

Under the heading "Bibliographies" are also listed papers which contain 
at least 20 pertinent references. "Books and surveys" and "Symposia" are 
also listed under the applicable heading. 

Since many of the unpublished reports will be difficult to locate, it 
is worthwhile to use the subject index to determine roughly the scope of 
those containing a discussion of instrumentation. Often the title of the 
report is sufficient. Otherwise the cross indexing feature may be used 
with profit to determine for example the application, the primary sensing 
element, the type of transducer, the circuit and the recording method. It 
can be determined for example from the index whether the paper is a review, 
and with reasonable assurance whether any frequency response data is included, 
or if it contains an extensive list of references, by searching under the 
heading Books and Surveys or under headings suggested by the title of the 
paper, under Frequency response data, and under Bibliography, respectively. 

The authors desire to acknowledge the assistance of Mr. Leo B. Orbach 
in preparing a substantial part of the bibliography. 
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2. BIBLIOGRAPHY 

The references are divided into a list of books and a list of 
papers and reports, all listed chronologically, by years. Books are 
designated by the letter "B" followed by two digits giving the year 
of publication and by a single digit identifying the order of listing. 
For example, B52R indicates a book published in 1952, listed fourth 
under 1952 in the book list. Papers and reports are designated by 
four digits, the first two indicating the year of publication or issue, 
and the last two the order of listing. Thus 1*956 indicates publication 
in 19L9 and 56th in the list for 191*9. 

About 850 books, papers and published reports are referenced. On 
strictly dynamic pressure measurement considerable effort was made to 
insure complete coverage of published papers from about 191*0 to May 1, 
1951*• A special effort was made to include unpublished, open reports 
issued by defense agencies and their contractors, and other governmental 
agencies. Some of these reports have had to be indexed from the title 
because a copy could not be located. Although some of the topics covered 
may not be closely related to dynamic pressure measurement, it was 
decided to cover in the bibliography as many as possible of the various 
factors affecting the design and performance of dynamic pressure instru¬ 
ments. Coverage of these factors is not intended to be complete. 

A few primary papers on static calibration were listed because such 
calibrations are made on dynamic pressure-measuring instruments in the 
cases where an indication of static pressure is obtainable. 

With minor exceptions neither catalogs, nor announcements in trade 
journals of new instruments without technical data, are listed. However, 
references 5235 and B531* supply considerable data on the pressure instru¬ 
mentation commercially available at the present time. 
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Books 

B271 R. B. Sosman. The properties of silica; Am. Chem. Soc. Monograph 
No. 37. Chem. Catalog Co., pp. 856, 1927. 

B301 M. F. Behar. Handbook of Instrumentation: Pressure measurement 
instruments; Instr. Pub. Co., pp. 729? Dec. 1930. 

B302 C. G. Stewart. Aircraft instruments; Chapman & Hall, pp. 269, 1930 

B311 P. W. Bridgman. The physics of high pressure; G. Bell & Sons,Ltd. 
London, 1931* 

B3lLL K. J. Dejuhasz. The engine indicator, its design, theory and spec¬ 
ial applications; Instr. Pub. Co., New York, N.Y., 193^1. 

B351 E. Kleinscbmidt. Handbuch der Meterologischen Instruments; J. 
Springer, pp. 733? 1935* Chapter on measurement of air pressure. 

B371 S. Timoshenko. Vibration problems in engineering; D. Van Nostrand, 
pp. h70, 1937. 

B38l M. Serruys. La Combustion Detonante dans les Moteurs sa Explosion; 
Gauthier-Villars, Paris, 1938. 

B391 A. Farkas and H. W. Mellville. Methods in gas reactions; Macmillan 
& Co., pp. 37b} 1939. 

B392 J. Reilly and W. N. Rae. Physico-chemical methods, vol. 1; D. Van 
Nostrand, pp. 822, 1939. 

BI4.OI S. Timoshenko. Theory of plates and shells; McGraw-Hill Book Co., 
New York, N. Y., 19lj.0. 

Blt31 P. M. Pflier. Elektrische Messung Mechanischer Grossen; Springer- 
Verlag, Berlin, 19h3 and 19lt8. 

Bl|.l|l H. D. Green. Chapter on Circulation: Physical Principles; Medi¬ 
cal Physics, 0. Glasser, editor; Year Book Pub. Inc., Chicago, 
Ill. pp. 208, l9lUu 

Bl|6l R. R. Batcher and W. Moulic. Electronic control handbook; Caldwell 
Clements, Inc., N.Y., pp. 19h6» 

Bl|62 W. G. Cady. Piezoelectricity; McGraw-Hill Book Co., Inc., New fork 
N. Y., pp. 806, 19k6» 

Bb.63 H. Diederichs and W. C. Andrae. Experimental mechanical engineer¬ 
ing, I. Engineering instruments; John Wiley & Sons, (1930) 19h6. 
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B1+61+ H. C. Roberts. Mechanical measurements by electrical methods; 
Instr. Pub. Co., Pittsburgh, Pa., pp. 357, 191+6. 

Bl+71 W.E.K. Middleton. Meteorological instruments; Univ. of Toronto Press, 
pp. 227, 191+7. (Chapter on pressure measurement.) 

Bl+72 J. P. Den Hartog. Mechanical vibrations; McGraw-Hill Book Co., 
pp. 1778, 191+7. 

Bl+73 H. W. Liepmann and A. E. Puckett. Aerodynamics of a compressible 
fluid; John Wiley & Sons, pp. 262, 191+7• 

Bl+7l+ E.W.F. Feller. Instrument and control manual for operating engin¬ 
eers; McGraw-Hill Book Co., pp. 1+26, 191+7. 

Bl+8l R. H. Cole. Underwater explosions; Princeton Univ. Press, pp. 1+37, 
191+8. 

Bl+82 W. T. Thomson. Mechanical vibrations; Prentice-Hall, pp. 222, 191+8. 

Bl+83 Am. Soc. for Metals, Metals Handbook, Metals Handbook Committee, pp. 
11+1+1+, 191+8. 

B1+81+ H. C. Torrey and C. A. Whitmer. Crystal rectifiers; McGraw-Hill 
Book Co., pp. 1+1+3, 191+8. 

Bl+85 R. Courant and K. 0. Friederichs. Supersonic flow and shock waves; 
Interscience Publishers, Inc., pp.l+61+, 191+8. 

b1+86 C. M. Zener. Elasticity and anelasticity of metals; Univ. of 
Chicago Press, pp. 170, 191+8. 

Bl+87 L. B. Arguimbau. Vacuum tube circuits; Wiley & Sons, pp. 668,191+8. 

Bl+88 W. P. Mason. Electromechanical transducers and wave filter; D. Van 
No strand, pp. 1+19, 191+8. 

Bl+91 L. L. Beranek. Acoustic measurements; John Wiley & Sons, pp. 913, 
191+9. 

Bl+92 A. Sully. Metallic creep and creep resistant alloys; Interscience 
Publishers, pp. 278, 191+9 (200+ references). 

Bl+93 Saul Dushman. Scientific foundations of vacuum technique; John 
Wiley & Sons, pp. 882, 191+9. 

B1+91+ C. J. Wiggers. Physiology in health and disease; Lea & Febiger, 
pp. 121+2, 5th Ed., 191+9. 



B501 J. D. Trimmer, Response of physical systems; John Wiley & Sons, 
1950. 

B502 M. Het^nyi. Handbook of experimental stress analysis; John Wiley 
& Sons, pp. 1077, 1950. 

B503 W. P. Mason. Piezoelectric crystals and their application to ultra¬ 
sonics; D. Van Nostrand, pp. 508, 1950. 

b501|. C. H. Best & N. B. Taylor. Physiological basis of medical practice; 
Williams & Wilkins Co., pp. 1330, 1950. 

B505 D. P. Eckman. Industrial instrumentation; John Wiley & Sons,1950. 

B506 A. L. Nadai. Theory of flow and fracture of solids, vol. 1; Mc¬ 
Graw-Hill Book Co., pp. 567, 1950. 

B507 J. Lukasiewicz. Shock tube theory and applications; Can. Nat. Res. 
Council, Div. of Mech. Ehg., Supersonics & Gas Dyn. Sec. report 
No. MT-10, pp. Ib7> 1950. 33 references. 

B511 B. Lewis & G. Von Elbe. Combustion, flames, and explosion of 
gases; Academic Press, New York, N.Y., 1951. 

B512 M. F. Behar. Handbook of measurement and control; Instr. Pub. Co., 
pp. 291, 1951. 

B513 W. Praeger & P. G. Hodge. Theory of perfectly plastic solids; 
John Wiley & Sons, pp. 261, 1951. 

B511j. R. M. Bozorth. Ferromagnetism; D. Van Nostrand, pp. 968, 1951* 

B515 August Kund. High-frequency measurements; McGraw-Hill Book Co., 
pp. 676, 1951. 

B5l6 Anon. Internal ballistics; Gt. Brit. Ministry of Supply, London, 
H. M. Stationery Office, pp. 3H, 1951. 3^0 references. 

B517 J. Yarnell. Resistance strain gages, their construction and use; 
Electronic Eng. (London), pp. 128, 1951. 

B518 H. Ziebolz. Analysis and design of translator chains, vol. 1, text; 
vol. 2, diagrams; Askania Reg. Co., pp. 279 plus 392 figures, 1951* 

B521 C. S. Draper, W. McKay, S. Lees. Instrument Engineering, vol. 1; 
McGraw-Hill Book Co., pp. 269, 1952.* 
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B522 L. Marton (Editor). Advances in electronics; Academic Press, Inc., 
pp. 3hhf 1952, (Chapter on multichannel radio telemetering.) 

B523 G. E. Ferguson & W. G. Brombacher. Manometer tables; Instr. Soc. 
Am. RP2.1, pp. 32, 1952. 

B$2h J. J. Koch, R. G. Boiten, A. L. Biermaez, G. P. Roszbach, & G. W. 
Van Santen. Strain gauges; theory and application; Elsevier Press, 
Inc., pp. 95, 1952. (Experience in Holland.) 

B531 C. S. Draper, W.- McKay, W. & S. Lees; Instrument Engineering, vol. 
2; McGraw-Hill Book Co., pp. 827, 1953» 

B532 C. H. Samans. Engineering metals and their alloys; Macmillan Co., 

pp. 913, 1953. 

B533 R. F. Shea (Editor). Principles of transistor circuits; John Wiley 
& Sons, pp. 535, 1953. 

B53k DuMont Laboratories, Transducers. Allen B. DuMont Lab., Inc., 
pp. 151, 1953. 

B535 B. Lewis, H. c. Hottel, & A. J. Nerad. Fourth symposium (inter¬ 
national) on combustion (combustion and detonation waves). Will¬ 
iams & Wilkins Co., pp. 926, 1953* 

B536 E. G. Richardson (Editor). Technical aspects of sound, vol. 1, 
sonic range and airborne sound; Elsevier Pub. Co., pp. Shbs 1953* 

B537 I. I. Glass, W. Martin & G. N. Patterson. A theoretical and experi¬ 
mental study of the shock tube. Inst. Aero Physics, Bniv. Toronto 
Report No. 2, pp. 281, 1953* 73 references. 
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Periodicals and Reports 

0301 0. Frank. Kritik der elastichen Manometer; z. fur Biologie, 14*, 

14*9, 1903. ~ 

0801 W. Watson. 0n the thermal and eumbustion efficiency of a four- 
cylinder petrol motor; Proc. Inst. Auto. Eng., 3, 387* 1098-9. 

1701 P. W. Bridgman. Theoretical considerations on the nature of 
metallic resistance, with especial regard to the pressure effects; 
Phys. Rev., 9, 269-89, 1917. 

2001 R. whiddington. The ultra-micrometer; an application of the 
thermionic valve to the measurement of very small distances; 
Phil. Mag., UO, 639, 1920. 

2101 A. Trowbridge. A new type of indicator for high-speed internal- 
combustion engine; Power, 93* 701*, 1921. 

2102 H. C. Dickinson and F. B. Newell. A high-speed engine pressure 
indicator of the balanced diaphragm type; NACA Tech. Rpt. No. 107, 
1921. 

2103 D. A. Keys. Piezoelectric method of measuring explosion pressures; 
Phil. Mag., 1*2, kl3, 1921* 

2201 ¥. G. Collins. Micro-indicator for high speed engines; Engineering, 

113* 716, 1022; 119, 123, 1923. 

2202 J. C. Marcher. A piezoelectric method for the instantaneous meas¬ 
urement of high pressures; Natl. Bur. Stds. Sci. Paper No. 1*1*9, 
18, 297, 1922. 

2203 A. Trowbridge. Photographic recording of engine data; Trans. Soc. 
Auto. Eng., 17, I8I4., 1922. 

2201* S. S^ith. On the depression of the center of a thin circular disc 
of steel under normal pressure; Trans. Roy. Soc. Can., 16, 217-29* 
1922. 

2301 E. K. Carver. An improved optical lever manometer; J. Am. Chem. 
Soc., 1*9, 99* 1923. 

2302 M. d. Hersey. Diaphragms for aeronautical instruments; NACA TR 

wo. 169, pp. 32, 1923. 

2303 D. A. Keys. The cathode-ray oscillograph and its application to 
the exact measurement of explosion pressures, potential changes in 
vacuum tubes, and high tension magnetos; J. Franklin Inst., 196* 

977, 1923. 
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2301* T. Midgley, Jr. Engine indicators; Engineer, 135, 236, 1923* 

2305 0. S. Peters and R. S. Johnston. New developments in electric 
telemeters; Proc. Am. Soc. Testing Materials, 23_II, £92, 1923* 

2306 R. Vogel and E. Trilling. Gold-chromium alloys; Z. anorg. Chem., 
129, 276-292, 1923* 

21*01 B. McCollum and 0. S. Peters. A new electrical telemeter; NBS 
Tech. Paper No. 21*7, 17, 737, 192lu 

21*02 D. F. Smith and N. W. Taylor. A simple pressure-measuring device 
for use with corrosive gases; J. Am. Chem. Soc., 1*6, 1393, 192lu 

21*03 J. E. P* Wagstaff. The application of oscillating valve circuits 
to the precise measurement of certain physical quantities; Phil. 
Mag., 1*7, 66, 1921*. 

2i*0l* C. J. Wiggers and VI. R. Baker. A new universal optical manometer 
J. Lab. Clin. Med., 10, 5U-56, 192I*. 

21*05 H. N. Eaton and C. T. Buckingham. Nonmetallic diaphragms for 
instruments; NACA Report No. 206, pp 1*1*, 1921*. 

2501 0. Frank. Ein neues optisches Federmanometer; Z. fftr Biologie, 

82, 1*9, 1925. 

2502 0. Frank. Die Lehnung einer Membran in zwei Richtungenj Z. f. 
Biol., 82, 66, 1925. 

2601 H. A. Thomas. An electrical method of measuring small fluid 
pressures; Engineer, 11*1, 88, 1926. 

2602 T. H. Keulegan. Statical hysteresis in the flexure of bars; 
Bur. Standards Tech. Paper No* 332, 1926* 

2701 P. Broemser. Ein optisches Plattenmanometer; Z. fur Biologie, 
86, 619-625, 1927. 

2702 J. Obata and I. Yosida. An electrical indicator for high-speed 
internal-combustion engines; Aer. Res. Inst., Tokyo Imp. Univ., 

2, 397-1*05, 1927. 

2703 J. L. Vfilson, H. N. Eaton and H. B. Henrickson. Use and testing 
of sphygmomanometersj Bur. Standards Tech. Paper No. 352, 1927* 

2801 F. Daniels. An improved glass manometer; J. Am. Chem. Soc., 50, 
1115, 1928. 
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2802 A. A. Griffith, The theory of pressure capsules. Part I Gen¬ 
eral discussion. Part II The complete flat disc without control 
spring; Gt. Brit, Aero, Res, Council, R & M No, 1136, 1928, 

2803 E, J, Martin and D, F, Caris, A new type of electrical engine- 
indicator; J, Soc, Auto, Eng,, 22, 620, 1928, 

280it E, J, Martin and D, F. Caris, A new electrical engine indicator; 
J, Soc, Auto. Eng,, 23, 87, 1928, 

280!? ’ Anon. The Thring high pressure indicator; Engineer, lij5, 298, 1928. 

2806 G. H. Keulegan. Statical hysteresis in cycles of equal load range; 
Bur. Standards Tech. Paper No. 365, 1928. 

2901 H. Gerdien. Eine Elektrische Messdose nach dem Prinzip des Kon- 
densator Mikrometers; Wiss, Veroff, Siemens-Werk 8, 2, 126, 1929-30. 

2902 J. Kluge and H, E. Linckh, Piezoelectric measurements of pressure 
and accelerator forces; Z. Ver. Deut. Ing., 73, 1311, 1929, 

2903 G. Kornfeld and E. Klinger, Kinetics of combination of nitric 
oxide and oxygen at low pressures and under a strong magnetic field; 
Z, fur physik Chem., BU, 37, 1929* 

290k H. R. Olson and L, L, Hoist. A new differential pressure gage; J. 
Am. Chem. Soc., 5l, 2378, 1929* 

2905 S. Watanabe. A new design of the cathode-ray oscillograph and its 
application in the measurement of piezo-electricity; Proc. World 
Engineering Congress, Tokyo, 5-6, ll;l-l56, 1929. 

2906 S, Watanabe. A new design of cathode-ray oscillograph and its 
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4 . SUBJECT INDEX 

Accelerometer pickup £220, £3l8 
Acoustics 

Anomalous sound propagation, atmospheric, see also Atmospheric pressure 
4739, 4741, £o3£ 
Review 4826 

Electro B488 
Instruments and techniques B491 
Microphones, see 

ADP, see Piezoelectric gages 
Aerodynamics, compressible fluid B473 
Aeronautical applications 

Aircraft transducers B£l2 
Computer, pressures on airfoil to forces and moments £211 
Diaphragms, see 
Engines, see 
Flight test transducers 4734 
Flux gate transmitter 4943 
Hydraulic pressure surges, see 
Micromanometer, automatic £3£6 
Physiological effects, see Physiology 
Pressure computations (Forces such as lifts, drags; moments; pressure 

profiles, etc.) £211, £223, £3l3 
Review 4734 
Wind tunnels 4763, £046, £223, £307, £308 

Mach, interferometer, review 4839 
Supersonic, Pirani gage 4929 
Review 4634 

Airblast, see Explosions 
Aircraft speed instruments, review 3211, 4829 

Pitot tubes, see 
Static tubes, see 

Alphatron £412 
Altimeters, aneroid 

Calibration, dynamic 4822 
Dynamic performance 4£28 
Drift and recovery 3410, £334 
Hysteresis and after effect 3410, 4822, £334 
Performance B302, 4829 

Altimeter, Temperature of vapor, boiling or sublimation 
Accuracy £170 
Carbon dioxide sublimation £333 
Freon 4628 
Water 4713 

Amplifiers, see also Circuits; Pickups 
Pickups 

Capacitance 2702, 3801, 4008, 4109, 4214, 4624, 4923, £l40, £219, £309 
Generator, self 3402, 3£04, 3801, 4301, 4406 
Inductance £ll3 
Photoelectric 36l3, 4011, 4110, £ll6 
Piezoelectric B48l, 3209, 3709, 4012, 4203, 4207, 4£06, 4£l3, 4£20, 

4601, 4604, 4612, 4716, 4830, 492£, £003, £l£3, £213, £3l8 
Strain gage 4201, 4307, 4£02, 4602, 4606, 4706, £3l4 
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Amplifiers, see also Circuits; Pickups (cont'd) 
Power supplies I|109, b$06, k703 
Requirements for recording transients U906 

for oscillographs k506 
Frequency response U019* U906, 9208, 9U01 
Input impedance 1|906, 9U01 
Linearity; stability b%06 
Low-frequency limitation of RC coupled amplifiers I4.OI9, k506 

Resonant-bridge carrier systems 91^0 
Performance i|p30 

Review, general bU6U, bU87* 3909, lj.212, I|_703, 9029 
Switching, mechanical and electronic !|3o8, U703 

Amplifiers, pressure, see Relay, pressure 
Applications 

Aeronautical applications, see 
Airduct pressures U921 
Atmospheric, see 
Auto brake, fluid pressure H929 
Baling: Cotton packaging HUl3 
Ballistics 

Chamber pressures B9l6, 2809, k203 
Guns B9l6, UU21, 5097 
Internal B9l6, 9U01 
Powder rockets U901, 1^910 
Review B9l6 

Calibration, see 
Capacitance pickups, see 
Chemical reaction kinetics, see 
Detonation, see Chemical reaction kinetics 
Engines, see Engine indicators 
Explosions, see 
Gases, see Chemical reaction kinetics 
Hydraulics, see 
Injection molding: Rubber and plastic U9o3, 932k 
Inductance pickups, see 
Meteorological, see Meteorological instruments 
Photoelectric pickups, see 
Physiology, see 
Piezoelectric gages, see 
Pressure trends meter for presses J4OOI 
Propellants, see also Engines: jet, rocket It208 
Stamping press 3U03 
Structural design studies 

Motor boat hull in rough water 9ll9 
Wind forces 3210 
Windows of running trains passing each other 5llb 

Strain gages, see 
Tire pressure, dynamic 9129 
Ultra sonic intensity in fluid 1i726 
Vacuum gages, see 
Vortices, pressure changes due to 9llU 
Wind tunnel, supersonic, optical apparatus BU73 
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Atmospheric pressure measurement B35l, Bl*71 
Aircraft 1*528, 1*623, 1*829, 5039, 50l*l*, 5157, 5162 
Fluctuations 3210, 36l6 , 3806, 3912, 1*530 
Hypsometer, temperature, vapor, boiling or subliming substance, see 
Infra sonic explosion waves 1*739, l*7l*l, 5035 

Review 1*826 
Upper air 5038, 5233, 51*12 

Balance, force-pressure 
Bell micromanometer 

Torsion balance 1*710 
Weight balance B505 

Calibration apparatus 5230, 53l5 
Commercially available 5235 
Diaphragm, slack 1*81*3 
Electro-magnetic, automatic 5230, 53l5 
Liquid column B505, 1*710 
Piston gages, see 
Quartz fiber, sound pressure 1*953 
Ring manometer, by weights 36l6 

Theory 1*111* 
Balance, pressure-pressure 

Calibration standard 3 802, 1*109, 1*1*11, 1*1*12, 1*703, 1*822 , 5001* 
Temperature indicates pressure on sealed system 5001* 

Diaphragm, auxilliary bellows-spring pressure follower 5223 
Engine indicator 2102, 3001, 300l*, 3207, 33o6, 31*01, 31*07, 3712, 1*812, 

1*908, 1*916, 5010, 5221 
Hydraulic pressure 1*720 
Liquid column indicator balance 5369 
Pickups 

Electrical contact Bl*3l, 3001, 31*01, 31*07, 1*812, 1*908, 5010, 
5221, 5223, 5307 

Generator, voltage 3 501*, 3 703 , 3712, 1*928 
Inductance 5223, 5230, 5315 

Recorder, multipoint 5223 
Review B23l, Bl*6l, b507, B5H, 3207, 3712, 1*703, 1*720, 1*908, 1*928, 5U01 

Balanced diaphragm, see Balance, pressure-pressure 
Balanced-pressure gages, see Balance 
Balancing circuits, see Bridge circuits; Bridged-T balancing circuit 
Baling l*l*l3 
Ball crusher, see Crusher gage 
Ballistics, see Applications, ballistics; Explosions 
Balloon, rubber 

Stroboscopic photography of, during underwater blast 1*720 
Barium titanate, see Piezoelectric gages; Piezoelectric crystals 
Barometer, mercury, see also Liquid column; Manometers, mercury 

Electrical contacts pressure intervals 1*902 
Capacitance pickups 1*532 
Photoelectric pickup 5ll*6 
Standard 33lO, 1*53 2, 1*938 
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Barostat 330% 5331* 
Beams, thin, dynamic response to air blast 5163 
Bearings, instrument, design and performance 1*712 
Beat frequency oscillator circuit for capacitance pickup 2001, 2l*o3, 

1*621*, 1*703, 5118 
Bell, floating B5o5> 1*710 

Shaped to give deflection: square root of pressure 5330 
Bellows 

Application 51*0-5 
Beryllium copper 3805 
Gages, commercial 5235 
Glass 5931* 
Opposing 

Cantilever and strain gage pickup U7lU, 1*801, 1*92l* 
Lever and inductance pickup 1*805 

Performance 3805 
Pickup 

Inductance 5223 
Differential transformer k72$9 5223 

Mechanical; Pulley and string 1*511 
Optical 1*609 
Photoelectric 5223 
Strain gage l*6l6 

Performance 5051 
Unbonded U807, 51*01 

Review b301, 3805, 5Ul5 
Rupture proof 5063 
With quartz torsion "spring” 5221* 
With spring and linkage to recording pen 5002 

Beryllium copper, see also Elastic moduli 
Bourdon tubes 5260 
Diaphragms 3911, 1*218, 1*939 
Hardness, heat treatment, cold work 51ll* 
Heat treatment 1*320, l*9l*2 
Physical properties B532, 51*22 
Springs 3801* 

Bibliography, see also Books and Surveys 
Acoustics research l*82l* 
Airspeed measurement, aircraft 1*829 
Anomalous sound l*82l* 
Ballistics, internal B5l6 
Bourdon tubes 5325 
Drift (creep) Bl*92, 5158, 531*2 

Time, variation, with 521*3, 5338 
Engine indicators, electrical pickups 1*019 

Electrical pickups 1*019 
Mechanical and electrical pickups 1*908 

Explosions, manometry of 3506 
Interferometer, wind tunnels 1*81*0 
Internal friction, solids 531*2 
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Bibliography, see also Books and Surveys (cont’d) 
Magnetism B5lU 
Meteorological instruments B35l* BU71 
Microphones U82I4. 
Molybdenum 5361 
Nickel, nickel steels 5366 
Piezoelectricity BU62, 5351 
Pressure, dynamic, generators 5UoU 
Pressure, dynamic, measurement of 5025* 5U01 
Pressure high b311, U605 
Resistance wire strain gages 5^06 
Seismology I4.82I4. 

Shock tube B507* B537* 50l*7 
Sound ranging I4.82U 
Tantalum 5361 
Telemetering, radio 5l£0 
Titanium, alloys 5361 
Transducers BU61; 
Underwater explosions BU8l 
Vacuum measurement bU93, 5l65 
Zirconium 5361 

Blast measurement, see Explosions 
Blast pressure, transducers 

Commercially available B53U 
Blood pressure, see Physiology 
Books and Surveys 

Acoustic measurements Blt91 
Aerodynamics, compressible fluid Bli73 
Aeronautical instruments B302 , B512 , U73U 
Ballistics, internal B5l6 
Barium titanate 5318 
Blood pressure measurement, general BlilfL, Bli9U, U911 
Circuits, electrical bU61i, bU87, B522, U703, 5029 
Combustion, flame and explosion phenomena U93l, B5H> B535 
Combustion, internal, engine b381 
Creep, see Drift 
Crystal rectifiers BU8JL1. 
Detonation phenomena B5ll* B535 
Diaphragm, theory BltOl, 2302 

Aeronautical instruments 2302 
Drift 

Elasticity and anelasticity of metals B^86 
Metallic creep and creep resistant alloys Bh92 
Theory of flow and fracture of solids B506 

Dynamic response of physical systems BU82, B501, B521, B53l 
Elasticity and anelasticity of metals BU86 
Electromechanical transducers and wave filters BI4.88 
Electronic control handbook Bl|6l 
Electronics, advances in B522 
Engineering instruments Bl|63 
Engineering metals and their alloys B532 
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Books and Surveys (cont'd) 
Engine indicators B3I+1, B38l, Bl+63, 3207 

High speed 3611, 1+011 
With electrical pickups 3909, 1+019 
With mechanical and electrical pickups 2801+, 1+005, 1+011, 1x908 
With optical pickups 1+011 
With spring and piston pickups Bl+63, 51+01 

Explosions 
Gases B5ll, U932 
Industrial 3506 
Underwater Bl+8l 

Ferromagnetism B5ll+ 
High frequency measurements B5l5 
High pressure B311, 1+605 
Industrial instrumentation B5o5 
Instrument engineering B521, B531 
Internal ballistics B5l6 
Manometers 

Explosions, industrial 3506 

Physiology 1+911 
Manometer tables B523 
Measurement and control handbook BJ?12 
Mechanical measurements, electrical methods Bl+31, Bl+6-U, 1+703 
Medical physics Bl+i+1 
Metals 

Engineering metals and their alloys B532 
Handbook Bl+83 

Meteorological instruments B35lj Bl+71 
Methods in gas reactions B391 
Micromanometers, review B391a B392 
Microphones Bl+91, B536 
Physical properties of materials under high pressure B311, 1+605 
Physico-chemical methods B392 
Physiological basis of medical practice B^OU 

Physiology Bl+1+1, Bl+9l+, 1+911 
Piezoelectric crystals, ultrasonic B503 
Piezoelectricity Bl+62 
Plates and shells, theory Bl+01 
Pressure measurement, general 

Dynamic B301, Bl+81, 1+928, 5Q25>, 51+01 

precise 1+917 
Pressure (and other) transducers, see Transducers (just below) 

Quartz B271 
Recording 1+703, 5029 
Response of physical systems B501 

Shock tube B507 
Silica B271 
Sound, technical aspects B536 
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Books and Surveys (cont‘d) 
Strain gages, to.re resistance 1+806 

Resistance strain gages, construction, use B517 
Strain gages, theory and application B521+ 

Stress analysis, handbook, experimental B502 
Supersonic flow and shock waves Bl+85 
Telemetering B522 
Theory, perfectly elastic solids B5l3 
Transducers 

Commercially available B531+ 
Electrical B3d, Bl+3l, Bl+6l, B1+61+, 1+703, l+8ll+, 1+928, 5023, 

5025, 5326, 51+01 
Electro mechanical Bl+88 
Mechanical b301, 1+928 

Transistors, principles of circuits B523 
Translator chains (transfer functions ) B5l8 
Underwater explosions Bl+8l 
Vacuum technique, scientific foundations Bl+93 
Vacuum tube circuits Bl+87 
Vibration problems in engineering b371 
Vibrations, mechanical Bl+72, Bl+82 

Bourdon tubes 
Bibliography 5325 
Design features 1+511+, 5028, 5326 
General B301 
Glass U526, 5312 
Materials, review (10 materials) 5260 
Pickups 

Inductance 1+725, 1+820, 5326 
Photoelectric 1+015 
Resistance, sliding contact 5326 
Strain gage l+6l6 

Quartz 1+713, 5l3l+, 5221+ 
Theory 53 2 5 

Bridge Circuits, see also Amplifiers 
Electronic (diode) pickup: d.c. bridge 1+007, 1+722 
Hypsometerj d.c. KVheatstone bridge 1+713 
Inductance and capacitance pickups, see also 

A.c. bridge Bl+6l, 3202, 3903, 1+011+, 1+018, l+3l6, 1+1+13, 1+703, 1+701+, 

1+729, 1+805, 1+8H+, 5029 , 5101, 5119, 5217, 5219 , 5305, 53 09, 
5319 

Compensation for stray capacitances 1+008 
Theory 1+1+11+ 

D.c. out-of-balance 1+621+ 
Magnetostriction gage 

A.c. bridge 3707, 1+020 
Piezoelectric gage, radio frequency bridge 5153 
Resistance pickups 

A.c. bridge 1+201, 1+502, 1+503, 1+703, 1+709, 1+811+, 5029 
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Bridge Circuits, see also Amplifiers (cont'd) 
Resistance pickups (cont'd) 

D.c. "fixed" bridge (deflection method) 2305, 2801, 28o3, 2808, 3003, 
3106, 3207, 3701, 3712, 3909, 8216, 85o3, 8602, 8703, U709, 8718, 
8802, 8818, 5017, 5029, $20$, $30$ 

Multiple bridge 8636 

Theory 88l5, $310 
Zero drift 8731 

D.c. Wheatstone bridge (null method - quasistatic operation) 8602 
Review B868, B888 

Bridged-T balancing circuit 
Capacitance pickups 8703, 8017 
Resistance or voltage changes $103 

Bursting diaphragm, see Calibration, Diaphragm, rupture 

Cable, electrical 
Auto transformer 8523 
Blast pressure measurement 8522, 8612, 8708, 8729, $003, 5218, $k01 
Capacitance effect, screened cable 8901 
Capacitance pickups 8019, 8101, 83o3, 8622, 8708, 8911, 8920, $lkO 

Built-in inductance 88ll 
Electrokinetic transducers (mile-long cables) 5311 
Lampson compensation 8312, 5370 
Magnetostriction pickup 5268 
Piezoelectric B88l, 8312, 8807, 88lO, 8822, 8506, 8708, 8918, 5003, 

5106, 53i8, 5801 
Terminating impedance 8807, 8506, 5801 
Theory 5218 

Calibration, dynamic; calibration devices, production dynamic pressure 
Balance, force-pressure, see also Balance 

Electro-magnetic 5^30, 5315 
Balance, pressure-pressure, see also Balance 

Liquid columns, balanced 8822 
Bouncing ball and rod 5207 
Crusher gage 8701, 8786 
Drift and temperature effect on pickups $3l$ 
Dynamic pressure generators 

Theory 5808 
Indirect methods 

Accelerometer 5220 

Falling weight 8511, 5l35 
Powder discharge 53l6 

Iterative method for ball crusher gage 8803 
Mercury barometer, automatic 

Radiosondes 5186 
Miscellaneous methods 

Differential pressure, two high pressures 8817, 8909 
Not specified 8208 
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Calibration, dynamic (contM) 
Oscillating pressure of known wave form 

Piezoelectric, lithium sulphate 5259 
Piston 

Cam operated 5201+ 
Crank operated 1+922 
Sine vra.ve generator 

Microphones, underwater sound £370 

Review 531+1+ 
Weight controlled by electromagnet 3312 

Piston gage, standard, explosion pressure 1+71+6 
Piston, maximum pressure from generator type pickup 3703 
Pistonphone Bl+91 

Reciprocity (microphones) 1+006, 1+112, 1+527, 1+71+2, 5037, 5ll+9 
Release or application of static pressure 5207 

Bursting diaphragm Bl+81, l+3l5, 1+322, 1+520, 1+610, 1+612, l+6ll+, 1+93 2, 
1+935, 51+01 

Dead load or fluid pressure 2202, 51+01 
Review Bl+81 
Rod, struck by pendulum UU27 
Rotating square-wave valve 1+907, 1+916, 5lll+ 
Shock tube for producing pressure pulse 

Application Bl+8l, B507, 1+517, 1+601, 1+610, 1+612, 5l33, 5371 
Calibration 1+520, 1+610 

Design B537, 1+315, 1+610, 1+937, 501+7, 5231+ 
Diaphragms 1+520 
Dissipation of shock 5036 
Length of tube 501+1 
Pressure profile control 5236 
Reflections l+53l 
Review B507 
Steady flow conditions 1+91+1+ 
Strong shock waves by combustion 51+11, 51+18 
Supersonic flow patterns l+83l 

Theory B507, B537, 1+520, 1+833 , 50l+0, 501+5, 5371 
Thickness of shock 1+91+1 
Time ratio delay 1+91+5 
Velocity loss 1+828 

Calibration of electronic equipment, underwater explosions 
Generator, voltage step function; impedance and time standards 1+507 

Calibration, static 
Aneroid barometer, precise 5361+ 
Barometer, mercury, standard B35l, 33lO, 1+532, 1+938 

Electrical contacts, pressure intervals 1+902 
Photoelectric pickup 5ll+6 

Barostat 3309, 5-331+ 
Centrifuge, air 51+10 
Conversion, pressure units B523 
Liquids, manometer B523 
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Calibration, static (cont'd) 
Manometers 

Floating scale 1*902 
High pressure 3l08, 3206, 3715, 51*05 

Manometers, multiple 3108, 3715, 51*05 
Manometer tables, liquid column B523 
McLeod gage Bl*93, 1j323, 5118 
Melting point of mercury at 0°C 3915, 5335 
Piston gage, see 
Pressure gage, precise 5361* 
Pressure units, conversion factors B523 
Sound pressure, absolute 1*953 
Standards, to 20,000 atm 1*951 

Cameras, see Recording 
Capacitance pickup, see also Diaphragms 

Advantages and disadvantages 36lO, 3902, 1*703,. l*8ll*, l*8l6 
Amplifiers, see 
Applications 1*933 

Blast pressure 1*708 
Blood pressure 3710, l*3o3, 1*523, 1*911, 1*923, 5301* 
Burning gases 1*821, 5015, 5l39 
Calibration 5066 
Dielectric constant, gases 5H9 
Engine indicators 3509, 3712, 1*019, 1*211, 1*622, 1*621* 
Explosions, industrial 1*729 
Forces, small 5309 
Gas pressures, low 5101 
General 5136, 5ll*0 
Hydraulics 1*1*09 
Inner ear pressure 1*101 
Jet engines 5015 
Microbarograph 1*530, 1*739, 5035 

Physiology 1*715, 5219 
Pitot-static pressure, low 5356 
Pressure trend meter 1*001 
Pressures, differential, low 5306, 5319 
Rockets 

Propellants 1*533 
Statically fired 1*835, 5303 , 5328 

Turbulence, air flow 5llU 
Cable, see 
Capsule, compressible, surrounding second plate, see 
Circuits for capacitance pickups 

Beat frequency oscillator 2001, 21*03 , 3 205, 1*621*, 1*703 , 5H8 
Bridge ac Bl*6l, b!*61*, 3 205, 3903, 1*008, 1*703, 1*729, 1*920, 5101, 5H9 

5219, 5309, 5319 
Bridge dc ("fixed" or out-of-balance) 1*621* 

Bridged-T balancing 1*017, 1*703 
General review l*0ll*, 1*703 
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Capacitance pickup (cont'd) 
Circuits for capacitance pickups (cont'd) 

Resonant circuit Bl*6l, 2901, 2901*, 3005, 3205, 3207, 3902, 1*011, 1*109, 
l*21i*, l*3o3, l*3o6, Ulai, 1*1*12, 1*505,1*533, l*6o8, 1*620, 1*621*, 1*703, 1*708 
1*821, 1*835, 1*928, 1*930, 1*931*, 5015, 5lH*, 5l36, 511*0, 53o3, 5306, 
5328, 5U01 

Series circuit dc 2203, 3902, 1*621*, 1*928 
Construction details 3205, 3908, 1*708, 1*715, 1*821, 5l39 
Dielectric variation 3910 
Dynamic response 3509, 5l39 
Inductance, built-in 1*1*11 
Instrument description 2702, 3102, 3l0l*, 3710, 1*001, 1*019, l*02l*, 1*101, 

1*211, 1*533, 1*607, 1*622, 1*911, 1*923 , 53ol* 
Instrument design, general 1*212 
Manometer, two-liquid, automatic 5356 
Manufacturers B531* 
Mercury surface 1*532 
Mica-linearity, sensitivity, prevents shorting 3701*, 3902, 1*1*11, 1*1*12, 

1*921*, 5015, 5029 
Miniature pressure cells 5327 
Performance 

Frequency response 2702, 3l0l*, 5l39, 5371, 51*01, 51*09 
Resonant bridge carrier system 1*930 , 5ll*0 
Temperature 5139, 5321 
Zero shift 5139 

Review, general Bl*61*, B502, 3101, 3203 , 3213 , 3909, 1*703, 1*928, 51*01 
Theory 1*017, 1*1*10, 1*903 

Edge effect 1*703 
Experimental verification 1*715 
Linearity 1*7 08 
Optimum capacity variation 1*703 
Sensitivity 1*708, 1*715, 1*928 
Temperature effects 1*708, 1*908, 5321 

Water cooled 3509 
Capsule, compressible, surrounding second capacitance plate l*3o3, 1*523 

See also Capacitance pickup 
Capsules, diaphragm, see Diaphragm, corrugated 
Carbon pickups, see also Semi-conductor pickups, b31*1, B38l, 3501, 3601, 

36o3, 3701* 
Carbon block, dynamic response 3703 
Circuits 

Bridge dc 2305, 21*01, 2803, 2801*, 3003, 3207, 3909, 1*216, l*8ll* 
Series dc 3905 

Construction, hysteresis, sensitivity 2305, 21*01, 3909 
Film (graphite) 51*01 
Graphite 5057 
Review 3l01, 3203 , 3301, 3607, 3 909, 1*011, 1*019, 1*703, 1*928 , 5029 
Rod, mercury column 51*08 
Sensitivity to mechanical vibration 5lll* 
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Catenary, metal, see Diaphragm, slack 
Cathode-ray tube, see Indicators 
Chemical reaction kinetics 

Adsorption measurements, thermomolecular pressures 5ll8 
Burning b£L1, B535, 1+727, U?3l, 1*935, 5121 
Detonation, engines, see Engines, internal combustion 
Detonation, (or explosion) of gases B511, B535, 2905, 2906, 33o5, 1*111, 

1*911, 1*932, 1*933, 1*935 
Ignition by impulsive compression 1*933, 1*935 
Kinetics of rapid reactions 2103 , 2903 , 3201, 1*933, 1*931*, 1*935, 5121, 5323 
Reactions, low speed 2901*, 5021 

Circuits, see Amplifiers; Beat frequency oscillator; Bridged-T; Integrating; 
Potentiometer; Resonant; Series circuit, ac; Series circuit, dc; Timing 

Review Bl*61*, b!*87, B522, b523, i*703 , 5029 
Combustion chamber pressures, see also Chemical reaction kinetics; Engine 

indicators; Explosions 31*08, 1*106, 1*821, 5015, 51*01 
Combustion phenomena Bl*91, B511, B535 
Combustors, aeronautical 5223 
Compressers and turbine rigs, aeronautical 5223 
Compression, fixed mass of air 

Hydraulic pressure fluctuations 5005 
Condenser microphone, see Capacitance pickup; Microphones 
Conductivity gage, see also Resistance pickup, pressure sensitive 

Decrease in sensitivity with increased frequency 5lll* 
Electrical conductivity of solutions B3ll, 3103, 3l06, 3203, 1*605, 

1*611, 1*911, 51*01 
Temperature coefficient 51*01 

Consolidated Eng. pickups, independent, high g 52l*0 
Contact, electrical pickup, see Electrical contact 
Corrugated diaphragm, see Diaphragm, corrugated 
Creep, see Drift 
Crusher gage (ball crusher, cylinder crusher) see also Indenter gage 

Calibration, dynamic, piston gage standard l*7l*6 
Capacitance gage standard 5066 

Copper-ball Bl*8l, 1*106, l*3l3, 1*1*02, 1*511, 1*701, 5066, 5108, 5l3o 
Cylinder Bl*8l, 1*1*21 
Performance vs. piezoelectric 3609 
Rate of loading 3508, 1*217, 1*525, 1*701, 51*01 
Review 5011 
Statistical analysis 1*1*02, 1*511 
Theory Bl*8l, 1*209, 1*1*03, 5108 

General B5l3 
Crystal rectifiers Bl*81* 
Cylinder, elastic, see also Engines 

Internal pressure 
Sensitivity, linearity, stability 1*817 
Strain gage pickup 1*201, l*6l6, 1*720, 1*817, 5017, 5021*, 53lO, 5326, 51*01 
Temperature compensation 1*817, 5009 
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Cylinder, elastic, see also Engines (cont»d) 
Longitudinal compression 

Pickups 
Piezoelectric 3708, 1*013 
Strain gage 1*£03, £21l* 

Temperature compensation £2l£ 

Damping, see Dynamic response 
Dead weight gage, see Piston gage 
Decompression, explosive, see Physiology 
Deformation, diaphragms, see Diaphragm,deformation 
Deformation (permanent), gages, see Crusher gage; Diaphragm, deformation 

Diaphragm, rupture; Indenter gage 
Detonation, see Chemical reaction kinetics; Engine indicator; Explosions 
Diaphragm, balanced, see Balance 
Diaphragm capsules, see Diaphragm, corrugated, capsules 
Diaphragms, corrugated 

Capsules b302, 1*81*£, 1*939 
Flux gate pickup l*9l*3 
Hysteresis, see also 2908, 1*939, £361* 
Inductance pickup 1*628, 1*631* 
Manufacture 1*702 
Nesting 1*021, 1*809, 1*938 
Performance 1*702, 1*71*0, 1*81*£, 1*939 
photoelectric 1*631* 
Reactance bridge pickup £361* 
Strain gage, resistance, pickup 1*809 
Stresses l*80l*, 1*939 

Corrugation shape £227, £3£3 
Deformation limitation (elastic) 3911, 1*218 
Design B302 

Corrugation, shape and number £227, £3£3 
Formulas 3911, 1*218 

Drift and recovery 2302, l*8ol* 
General b301, b302, b£12,2302, 3911, 1*218, £22l*, £227, £3£3 
Glass £210, £312 
Heat treatment 3911, 1*218, 1*91*2 
Hysteresis and after effect; see Hysteresis 
Manufacture 3911, 1*218, 1*1*0£, 1*702, l*9l*2 
Nesting, beryllium-copper 1*021, 1*809 
Pickups 

Capacitance £101, £3o6 
Electrical contact 1*1*0£ 
Fluxgate 1*91*3 
Inductance 1*631* 

Variable-coupling transformer (2 fixed coils) £111, £336 
Optical lever 0801, 3907, 1*808, 1*922 
Photoelectric 3907, 1*631* 
Strain gage, unbonded 1*809 
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Diaphragms* corrugated (cont'd) 
Pressure-deflection relation 

Log pressure £227, £3£3 
Square root pressure £227 

Sensitivity (stiffness) 3202, 3911, 1*002, 1+218 
Stresses i*80l*> £33l 
Theory b302, 2302, 2802, 1*002, 1*218, l*72l+, £03l, £33l 
Zero shift 3911, 1*218 

Diaphragm deformation 1*220 
Elastic 

Corrugated, see Diaphragms, corrugated 
Flat, see Diaphragms, flat 

Plastic 1*£20 
Alluminum single crystal 1*£09 
Copper £066 
Flat 1*1*19> l*l*2l*, 1*62£ 

Limitation 1*62£ 
Review Bl*8l 

Lead 3l01 
Shock tube application 1*£20 
Steel 1*1*2£ 
Theory 1*311, 1*1+21*., 1*1*2 £, 1*1*26 

Bursting £216 
Diaphragms, flat and Diaphragms, general 

Application, see Diaphragms, flat, pickups 
Backing disks 1*102 
Comparison with piston types 3£06 
Connecting passage or tubing 31*0£, 1*102, 1+911, £217 
Creep, see Drift 
Damping 1*912 
Deflection-pressure data 2201*, 31*11 
Deflection profile, rectangular shape £110 
Deformation, plastic, see Diaphragm deformation 
Drift, see 
General characteristics^ advantages and disadvantages B301, b£12, 

1*621*, 1*908, 1*919, £1*01 
Hysteresis, after effect, see Hysteresis 
Installation strain effects 1*90*8 
Invar 1*821, £0l£, £139 
Linear acceleration of support 1+908, 1*920, £217 
Microphones, see. Review Bl+91 
Oil can action 3l0£ 
Pickups 

Advantages of various types 1*621* 
Capacitance 

Aeronautic £371 
Aircraft £327 
Atmospheric micropressure fluctuations l+£30, 1*739, £o3£ 
Blast pressure 1+620, 1*729 
Blood pressure 1*211*, l+3o6, £3ol* 
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Diaphragms, flat and Diaphragms, general (cont'd) 
Pickups (cont'd) 

Capacitance (cont'd) 
Engine indicator 2203, 2702, 3005, 3102, 3712, 1*008, 1*017, 1(019, 

l*02l*, 1*109, 1*1*12, U622, 1*621*, 1*903, 1*908 

Jet 5015 
Explosion, closed chamber 1*931*, 5015 
Fluid pressure 3903, 1*1*09 
General 3l0l*, 1*607, 1*821, 1*920, 5139, 5319 
Miniature 5317 

Physiology 1*715, 1*911, 5321 
Review Bl*3l, Bl*6l, 3213, 3701*, 3902, 3908, 1*928, 5l36, $326, 51*01 
Rockets, research 1*533, 1*835, 5328 
Temperature effect 5321 

Carbon composition Bl*3l, 3501, 3603, 3905, 1*216, 1*708 
Electro kinetic l*8l8 
Electronic (diodes, etc.) 1*007, 5109 
Electrostriction Bl*61* 
Generator, self Bl*61, 31*02, 31*09, 3502, 3501*, 3701*, 3712, 3801 

1*005, 1*1*06 
Inductance B^l*l, Bl*3l, Bl*6l, 2101, 3202, 3702, 3801, 1*018, l*3l6,1*529 

1*723 , 51U2, 5217, 5327 
Differential transformer Bl*3l, 1*725 

Interferometer 1*803, 5203 
Mechanical 

Cantilever spring 28o3, 2801*, 3003 
Column, bowed 1*216 
Differential motion of pair of reeds 1*1*13 
Direct l*90l*, 1*912, 51*01 

Spring beam 31*06 
Lever b381, Bl*6l, 3711 
Linkage 3506 

Miniature 

Capacitance 5327 
Inductance 5327 
Strain gage, resistance 5327 

Optical lever 
Blood pressure 2701, 3l*0l*, 3706, 1*911 
Engine indicator B38l, 3803 

Explosions b5h, 33o3, 33ol*> 35o6 
General 1*727 
Physiology Bl*l*l, 1*911 
Review Bl*63, B5H, 1*911 

Photoelectric 
Aeronautic 3907, 1*712 
Blood pressure 1*206, l*3o8, 1*911 
Engine indicator 31*05, 1*011, 1*110, 5006, 5102 
Physiology 1*911 

325607 0-54-7 
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Diaphragms, flat and Diaphragms, general (cont'd) 
Pickups (cont'd) 

Piezoelectric 
Acoustics 1*519 
Blast 1*925 
Engine indicator b31*1, 2905, 2906, 3002, 3709, 3910, 1*718, 5117 
General 3708, 1*610, 5207 
Review Bl*3l, 3612 

Semi-conductor 3606, 3712 
Strain gage 1*512, 5115, 5l32, 5226 

Bonded 
Aircraft, miniature 5327 
Hydraulics 5251* 
Physiology 1*802, 5107 
Pressure, low 5027, 5l38 
Review 5326 

Bonded foil 5302 
Unbonded 1*208 

Review l*6l6, 5326 
Vibrating wire and frequency modulation of associated circuit 5326 

Radial tension (stretched membrane) 3105, 1*102, 1*905 
Snap action 2l*02, 3911 
Stainless steel 1*931* 
Stresses, see Theory just below 
Temperature effects and compensation 3105, 3501*, 1*102, 1*1*06, 1*908, 5217 

5321, 5U01 
Theory Bl*01, b5U, 2302, 2802 , 3105, 3605, 36l8, 3910, 1*1*06, 1*908, 1*911 

5217, 5225 
Thickness 1*818 
Transformer analog 5ll4l 
Vibration 1*1*06 
Zero shift 3l05 

Diaphragm, glass 3901* 
Corrugated 5312, 5210 

Breaking strength 5312 
• Deflection sensitivity 5210 

Pickups 
Capacitance 2901*, 3710, 5327 
Electrical contact 2801 
Optical lever Bl*l*l, 1*107 
Photoelectric l*3o8 

Snap action 21*02 
Spoon 1*107 

Diaphragm materials, physical properties,see also Drift; Hysteresis 
Beryllium copper, see 
Chace metal 720, l*9l*2 
NiSpan C B532, U626 
Hiosphor bronze B532, l*9l|2 
Quartz, see Piezoelectric crystals 
Review 1*939, 5353 
Stainless steel, see 
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Diaphragm, mica 
Pickup: Inductance 2601 

Diaphragm, paper 
Diode microphone U722 

Diaphragm, quartz 
Design 5131; 
High operating temperature 1|010, £203 
Pickups Interferometer UOIO, l;8o3, 5201, 5203 

Diaphragm, review b302, 2302, 3105* 3805 
Diaphragm, rubber 2302, 1;813 

Deflection profile 2^02 
Line lag, see Lag, fluid lines 
Pickups 

Conductivity gage 3103, 3106 
Inductance U921 
Mechanical 2501, 5120 
Optical lever BbbX, 2l;0l;, lfL05 
Photoelectric 1308 
Piezoelectric I4IO8 
Strain gage U512 

Thiokol, resistant to liquid fuel 5030 
Diaphragm, rupture 

Critical pressure vs, diaphragm diameter: effect of wave fora U520 
Disks l;li20, 5313 

Bursting pressure vs, temperature U8l3 
Experimental data l;9l3, U91U 
Material: paper, aluminum and copper foil, polystyrene sheet 3201, 

1*520, 5Uoi 
Theory U520 

Diaphragm, silver, (blood pressure) 5>059 
Diaphragm, slack 

Copper 
Pickup, piezoelectric U0l3 

Design and performance 2l;05 
Equation 2405? 
Metal catenary compressing a tube 

Application 52lU 
Design and performance 

Combined with spark plug 5215 
Compared to flat diaphragm 1;908 
Differential-pressure modification 5215 
Effect of acceleration U908 
High-pressure modification 5215 
Low-pressure modification 5215 
Temperature isolation U908, 5215 

Pickups 

Cylinder strain gage (in compression) 1;?08, 52lU, 5215* 5371 
Spiral ribbon strain gage (in tension) 5215 

Plastic (Koroseal) to separate two fluids U711; 
Review 2302 
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Diaphragm, slack (cont'd) 
Rubber, see Diaphragm, rubber 
With spring 3506 

Diaphragm, snap action 
Beryllium copper 3911 
Flat 3105 
Glass 2\\02 

Diaphragm, spherical, capacity pickups, performance 5371 
Diaphragm, stresses, see Diaphragm, corrugated; Diaphragm, flat 
Dielectric constant, see Capacitance pickups 
Differential pressures, low, high absolute pressure 3617 
Differential transformer, see Inductance pickups 
Digital recorder, see Recorders 
Diode, displacement U007, U722, 5109 

Microphone, acoustic U722 
Disk, balanced, see Balance, pressure-pressure 
Disk, rupture, see also Diaphragm, rupture hh20, 5^U3 
Distortion of the pressure field 

By energy required to actuate pickup 5U01 
By finite gage area, see also Dynamic response U601, 5003, 5U01 

Dome (underwater) velocity, peak pressure from hl32 
Drift and recovery, see also Hysteresis 

Altimeters 3i|10, 5331* 
Stress change, slight, momentary, effect of 5338. 

Bellows 5230 
Beryllium copper 5822 
Diaphragms 2302 , 3105, 8808 
Elasticity, limit of true 5337 
General B886, b892, B506, 5237 
Isoelastic alloy 3608, 5822 
Measurement 

Deflection 5353, 5817 
Torsion 5265 

Force-pressure balance 5230 

Optical, microscope 5167 
Metals 5358 
NiSpan C 5822 
Springs, helical, isoelastic 3608 
Stress reduction, temporary, effect of 5331;, 5358 

Survey 5158 
Theory 5158, 5237, 52ii3, 5337, 5338 
Time, variation with 5237, 5283, 5338 

Experimental vs, Androde law 5338 

Torsional 5265 
Dynamic Response, see also Calibration; Frequency response; Lag, fluid lines 

Damping 0301, 8703, 8911 
Design features determining dynamic response 

Finite gage area B88l, 8517, 8728, 5801 
Minimum response time, theory U7U5 
Miscellaneous characteristics of pickup 8008, 8208, 8808, 5801 
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Dynamic response, etc* (cont'd) 
General B512, B$21, B£3l, U7o3 
Natural frequency evaluation by 

Blow 1|012 
Explosion wave U6l7 
Minimum value, theory h7h5 
Ramp function 5018 
Sine function (forced vibrations) BU82, B501, lilOU, l;5l5, 1+815, 

1*911, U918, h922, 5013, 5018, 5019, 5020, 53l3, 5317 
Step followed by exponential decay Ii507 
Step function (damped free vibrations) Blt82, B501, U507> U6l0, l|6l2, 

U815, U907, 1*911, 1*918, 1*926, 5013, 5018, 5020, 5133, 5222, 53l3, 5317 
Non-linear transducers, theory 5022 
Requirements, (see also various sensing elements, pickups and other gage 

parts by name) U507, 1*511, 51*01 
Stability (electrical, mechanical, thermal) 5U01 

Systems 1x907, 1*922 
Altimeter and tubing U528 
Pitot-static tubing and indicator U023 

Theory B53l, 5317 

Ear, inner, pressure, see Physiology 
Echo sounders, review 523l 
Elastic moduli 

Temperature coefficient 3006, 3307, 33o8, U9U8, 5032 
Glass, soft and pyrex 531*0 
Isoelastic 3619, l*ll3, 51*22 
NiSpan C U626 §1*22 
Quartz, fused 531*0 
Review 3307 
Stainless steel 5032 

Electrical-contact pickup 2801, 3001, 3U01, 31x07, 5010 
Flashing light ("glow lamp") Bl*3l, BU6U, 3602 
For balanced diaphragm 1x908, 5221, 5307, 51*01 
For temperature-controlled balanced diaphragm 500U 

Review U703 
Electrokinetic transducer 51*01 

Cables 5311 
Design U8l8 
Theory 53ll 

Electrolytic pickup, see Conductivity gage 
Electromagnetic pickups 

Inverse TMederaann effect 3203, 3908 
Magnetophone, see Inductance pickup; Generator, self, pickup 
Magnetostriction, see 
Moving coil, see Generator, self, pickup; Inductance pickup 
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Electronic pickups (i.e. mechano-electronic) 
Design equations 1*722 
Diode (displacement) 1*007# 1*722, 5109 
Triode 1*722 

Electronic switching, see Amplifiers 
Electrostatic pickups, see Capacitance and Piezoelectric pickups 
Engine component pressures 

Exhaust pipe 1*018, 5121* 
Fuel line; fuel injection, see also Lag, fluid lines 36o3, 3701*# 1*018, 

1*020, 1*501, 1*518, 5102 
Engine indicators 

Carbon pickup 3603, 3905# 3909 
Comparison Bl*63 , 3207# 3601# 3712, 1*109# 1*1*12 
Gas turbine 1*711, 1*717, 1*928, 5215 
Internal combustion 

Balanced pressure 2102, 3001, 3001*, 33o6, 3712, 1*812, 1*916# 5010, 5221 
Capacitance pickup 2203, 2702, 3005# 3509# 3909# 1*017# 1*109# 1*211# 

1*1*12, 1*621* 
Detonation 2905, 5906, 31*02, 31*09# 350l*, 3505, 3509, 3712, 3801, 

3905# 3909, 1*301, 1*1*06, 1*703, 5001, 5117, 52ll* 
Diesel 3601, 36l3, 3702# 5001 52l5# 5221 
Generator, self, pickup 31*02, 31*09, 3502, 350l*# 3505# 3601, 

3712, 3801, 3909# 1*301, 1*1*06 

Inductance pickup 2101# 36ll*, 3702, 1*018, 1*719# 5ll*2, 52l*6 
Integrator, pressure 1*915 
Optical lever, diaphragm b31*1, b381, 3711# 5ll*3 
Photoelectric pickup 36l3, 3909# 1*011, 1*110, 5006 
Piezoelectric pickup 2905# 2906, 3209# 35l3, 3703, 3901, 3909# 1*301, 

1*513, 5117 
Piston and spring b31*1, Bl*63# 3506 
Review b31*1, 3611, 3701*, 3909# l*3oi# 1*703, 1*908, 1*928# 5160, 51*01 
Spark plug pickup 1*718, 5215 
Strain gage# wire pickup 1*908, 5211*# 5215 
Unclassified 5065 

Jet 1*810, 5015# 5229, 5339 
Water cooled indicator 5339 

Performance and design 280l*, 3002, 36ll, 1*012, 1*019# 1*1*11# 1*1*12, 1*622, 1*908 
Review b31*1, 1*908, 5160 
Rocket 

Blast from 1*521 
Capacity pickup 1*533, 1*835# 1*930, 5303, 5328 
Inductance pickup 5305 
Review 5009# 5305 
Spectroscopic 1*93l, 511*3 
Strain gage, wire 1*201, 1*501# l*50l*# 5009, 5215# 5305 

Calibration l*5l6 
Theory b31*1, 1*903 
Water cooled diaphragm 3509# 5339 
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Explosions, measurement of, see also Calibration 
Blast 

Beams, thin, dynamic response £l63 
Capacitance pickup 1*620, 1*729, b920 
Crusher gage 1*1*02, 1*5H 
Diaphragm 

Mechanical pickup 1*912 
Plastic deformation U3ll, 1*621, 5066 

Generator type pickup 1*009 
Impulse type 1*619 
Indenter gage 1*1*01, 5123, 5133 
Peak pressure, velocity method 5267 
Piezoelectric 36l£, 1|302, l*3oii, l*3ll*, 1*515* 1*522, 1*612, l*6ll*, 1*621, 

1*925, 5262 

Piston, free 1*707 
Piston-spring 1*009, 1*511, 1*73 0 
Review 1*511, 1*612, 5U01 

Chambers or pipes (not engines), see also Engine indicators 
Indentor gage 1*111 
Optical lever - diaphragm 33o3, 3506 
Piezoelectric pickup 50l*9, 5262 
Piston-spring 3506 
Review 3506, 5262, 51*01 
Strain gages 1*208 

Mines 50l*8 
Piezoelectric pickup 5025 
Review 3506 

Uhderwater 
Conductivity, salt solution l*6ll 
Crusher gage l*3l3 
Diaphragms 

Mechanical pickup l*90l*, 1*912 
Plastic deformation 1*215, 1*220, l*3ll, 1*913, h9ll*, 5H0 

Dynamic response, system 1*617 
Indenter gage 1*721 
Magnetostriction gages^ see 
Microphone, condenser 1*708 
Optical devices 1*732 
Piezoelectric pickup 1*1*16, 1*507, 1*720 

Amplifiers i*6ol* 
Lithium sulphate 5259 
Tourmaline 2103, 1*219, 1*220, 1*302, 1*305, 1*1*10, 1*618, 5003, 

5066, 5106 
Review Bl*8l, 1*$07, 1*720, 5066, £1*01 

Famboro engine indicator 3001, 31*01, 1*812 
Film, graduated, pressure gage 5361* 
Film reader, telemeter data 52l*l 
Filter, water and dust 5203 
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Filters* electric Bl+88 
Flat diaphragm, see Diaphragm, flat 
Flat plate-spring element, inductance pickup 3210 
Fluxgate pickup 1+91+3 
Foil gage, see Diaphragm, rupture 
Force-pressure balance, see Balance, force-pressure 
Frequency discriminator 1+708 
Frequency modulation circuit 

See Beat frequency oscillator circuit; Resonance circuit 
Frequency, natural, see Dynamic response 
Frequency response data 

Altimeters, aneroid 1+822 
Beams, thin, to air blast £l63 
Bell, floating 1+710 
Bellows-wire strain gage 1+921+ 
Bourdon tube-photoelectric pickup 1+01 £ 
Cables, electrical, see Cable problems 
Calibration, see 
Carbon pickup 2903, 3301 

Crusher gages 1+217, £1*01 
Diaphragm 

Balanced pressure 1+916 
Capacitance pickup 2702, 3£09, 1+021+, l+83£, £0l£ 
Electro-kinetic pickup 1+818 
Gage 36l6 
Inductance pickup 1+018, l+£29 
Interferometer 1+803, £203 
Mechanical pickup 1+901+, 1+912, £1+01 
Optical lever 33ol+, 3803 
Photoelectric pickup 1+712 
Wire strain gage 1+322, 1+802, 5107, $11$, $121, £205, £211;, £2l£ 

Diaphragm, rubber, optical lever l+l+0£ 
Diaphragms 1+939, £3£3 
Elastic element 

Capacitance pickup 1+001, 1+1+11, I+608, 1+928, 1+930, £l39, £3o3, 
£371, £1+01, £1+09 

Wire strain gage 1+208, l+6l6, I+816, 1+817, £0£l, £l32, £3l0, £371, £1+09 
Generator type pickup 31+09, 3£02 
Hydrophones, deep well £3l+£ 
Inductance pickup 1+001, £012, £1+01, £1+09 
Line lag, see Lag 
Liquid column £l2l+, £l37, £331+ 
Mercury column 3107 
Microphones, acoustic 1+830, £322 
Piezoelectric gages 3002, 3901, 1+1+27, l+£l3, l+£l9, l+92£, £003, £U7, 

£13£, £20l+, £207, £262, £3i+£, £371, £1+09 
Pirani gage £320 
Review 1+720, £1+01 
Scratch recording l+£l8 
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Frequency response data (cont’d) 
Static tube in aircraft 1*623 
Vacuum gage system 1*838 

Fuel line, see Engines; Lag, fluid lines 
Function of pressure indicated on recorder, see Output 

Gages, pressure, see Atmospheric pressure; Manometers; Vacuum gages 
Galvanometers, see Indicators 
Gas turbine, see Engine indicator 
Gases, see Chemical reaction kinetics 
General Motors capacitance gage 1*533 

Capacitance gage 1*523 
Dyna gage 1*835 

Generator, self, pickup 
Advantages and disadvantages 1*703, 5lll* 
Amplifiers, see 
Associated circuits 1*703 
Calibration 

piston 3703 
Pressure-force balance 53l5 

Engine indicator 3208,31*02, 31*09, 3502, 3501*, 3505* 3601, 3701*, 
3712, 3801, 3909, 1*301, 1*1*06 

Integrating circuit, see 

Review Bl*6l, 3909, 1*005, 1*019, 1*301, 1*703, 1*720, l*8ll*, 1*928, 5029 
Glass bellows, see Bellows 
Glass Bourdon tubes, see Bourdon tubes 
Glass diaphragm, see Diaphragm, glass 
Gold-chromium resistance gage, see Resistance pickups, pressure sensitive 
Gun-barrel pressures 3806, 1*1*21 

Hair springs, see Springs 
Hamilton manometer 1*71*1* 
Helical springs, see Springs 
High frequency measurements B5l5 
High pressure, static, see Pressure measurement, high 
Hopkins blast meter 1*009 
Hydraulic pressure amplifier, see Relay, pressure 
Hydraulic pressure surges, see also Pneumatic line surges 

Capacitance pickup 1*1*09 
Compression, fixed mass of air 5005 
Lines 

Fuel lines 3701*, 1*018, 1*501, l*5l8 
Lag, see 

Resonance 5001 
Restriction effect 1*703 
Waterhammer 1*729, 1*903 

Pumps 1*501, 1*703 
Review 1*811 
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Hydraulic pressure surges (cont*d) 

Strain gage, resistance 5251** 53ll* 
'Theory $0l6 

Water waves, pressure fluctuations due to 1*1*09 
Hydrophones, deep well 531*5 
Hypsometer (temperature of vapor, boiling or subliming substance indicates 

pressure) 
Accuracy $170 
Carbon dioxide, subliming 5*333 
Freon 1*628 
Water U7l3 

Hysteresis and after effect, elastic 
Altimeters 31*10, 1*822, 5331* 
Bellows 320$, 5051 
Diaphragms 

Corrugated 2302, 3911* 1*218, 1*939 
Capsules 2908. l*8ol*, U939 
Ni-Span C 5361* 

Flat 2302, 3105, 5217* 5327* 51*01 
General Bl*86, b506, 51*17 
Measurement 5265* 5353 , 51*17 
Review, internal friction, solids BU86, 531*2 
Springs, helical, isoelastic 36ol* 
Statical bars 2602, 2806, 3212 
Temperature effect, diaphragm capsules 2908 
Torsional 

Carbon steel,SaE 1015* 5265 
Chrome-molybdenum, SAE 1*190, 5265 
Inconnel 5265 
K-monel 5265 

Ignition, gas mixtures, by impulsive compression 1*933, 1*935 
Impulse 

Plate and trajectory of ball 1*619 
Indenter gage 5123, 1*111 

Ball bearing impressions on 
Copper plate 31*08 
Lead sheet 5129 

Steel cone - copper gage block 1*1*01* 5l33 
Steel pyramid, copper gage block 1*721 
Theory, general B5l3 

Index of refraction, see Interferometer 
Indication, various functions of pressure, see Output 
Indicators, see also Output; Recorders 

Cathode ray tube, see Oscilloscope just below 
Electromagnetic galvanometer 

Advantages 5310 
Ballistic, theory 1*009 
Bifiler type 3503 
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Indicators (cont'd) 
Electromagnetic galvanometer (cont'd) 

Moving coil, novel design l*63l 
String 2203, 2702 

Flashing light (Glimmlampej "glow lamp'') b31*1, BU3l, 3602 
Mechanical, see Mechanical pickups 
Oscilloscope 

Engine indicator 2905, 2906, 3505, 3608, 3701*, 3712, 1*011, $126 
Requirements, recording transients 1*507 
Review 52l*2 

Peak reading voltmeter 1*1*18, l*50l*, 51*02 
Position of string 1*511 
Recorders, see 
Review 5029 

Indicators, engine, see Engine indicators 
Indium, solder 5U20 
Inductance pickups 

Advantages and disadvantages 1*703, l*8l6, 5U01 
Amplifiers, see 
Auto brake fluid pressure 51*29 
Bellows, see 
Bourdon tubes, see 
Circuits 

Bridge ac 3202, 1*018, l*3l6, l*l*l3, UhlU, 1*703, l*8li*, 5^05 
Ratiometer ac 1*927 
Resonance 2601, 3201*, 1*703, 1*921 
Review 3201*, 5060 
Series (or series-opposition) ac 3201* 

Diaphragms, see Diaphragm, corrugated; Diaphragm, capsules 
Frequency response limitation 5U09 
Manufacturers B531* 

German 5367 
Miniature 5012 
Review b31*1, b!*6i, b!*61*, B502, 3101, 3203, 3211*, 3511, 1*019, 1*703, 

1*928, 5029, 5367, 5U01 _ 
Vacuum gage I|805, 5lH, 5336 
Variable-coupled transformer (mutual inductance) l*70l*, 5321* 

Differential transformer Bl*3l, 3201*, 1*725, 1*820, 5012, 5202, 5326 
Circuits 5060 
Design, performance 5060 

Two fixed coils 3201*, 3211*, l*3l6, 5111, 5ll3, 52l3 
Variable self-inductance 

Air duct pressure 1*921 
Baling, cotton l*l*l3 
Engine indicator 2101, 36ll*, 3702, 1*018, 1*719, 5ll*2, 52l*6 

Detonation 3801 
Flight tests, miniature 5327 
Fluid pressure 3202, 1*927 
General l*3l6, l*63l 
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Inductance pickups (cont'd) 
Variable self-induction (cont'd) 

Jet engine 1*810 
Physiology 1*911 
Fiston-weight balance pickup U70U 
Pressure trend meter 1*001 
Pulse jets 1*816 
Review 3201*, 1*703, l*8ll*, U8l6, 1*911, 5l66, 5326, 51*01 
Rocket 5305 
Strain measurement )*l*ll*, 1*723 
Theory 5166 

Induction coil, see Spark coil 
Injection molding, see Applications 
Input passage, effect of, see Lag 
Insulators 

Electrical, high pressure 
Jewels 5368 
Limestone 5368 

Materials 5155 
Integrating circuits U508, 1*510, 1*915 

Capacitance pickup 
Integrating amplifier 5219 

Generator-type pickup 350l*, 3712, 1*005, 1*703, 5029 
Interferometer pickups 

Mach, review 1*839 
Newton ring 

With quartz diaphragm 1*803 , 5201, 5203 
With steel diaphragm 1*803, 5203 

Pressure-shift, sodium D line, or index of refraction Bl*8l, l*93l, 51*01 
Review Bl*73 

Internal friction, see also Drift; Hysteresis 
Glass 531*0 
Quartz, fused 531*0 
Survey Bl*86, 531*2 

Ionization gages, see Vacuum gages 
Isoelastic springs 3619, l*ll3, 51*22 
Iterative method, calibration, ball crusher gage 1*1*03 

Jet engines, see Engine indicators 

Kinetics, rapid reactions, see Chemical reaction kinetics 
K-monel springs 3801* 
Knudsen gage, see Vacuum gages 
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Lag, fluid lines 
Hydraulic 

Diaphragm manometer 5013, 50lU 
Physiology 0301, U911, 5013 
Theory 5016 

Pneumatic 
Engine indicators 3703, 5217 
laminar flow, compressible 50l|6 
Long lines 506U 
Pitot-static, aircraft U023, U829 
Review 3906, U928 
Supersonic flow 5ol±6, 5308 
Systems, containing capillaries 5256 

Theory U023, U7U5, U907, 5016 
Lever, see Mechanical pickups 
lines, fluid, see Hydraulic pressure surges; lag; Pneumatic line surges 
Liquid column, see also Balance-force-pressure; Manometers, mercury 

Butyl phthalate U822 
Lag, theory U822 
Mercury, pickups 

Capacitance U532, U608, 5118 
Carbon resistance 5U08 
Gamraa rays, radium source 5125 
Optical lever 2301 
Photoelectric 5156 
Resistance, immersed wire 5021, 5322 
Review 3910 

Multiple-point indicator using rotor 512H 
Opaque liquid 

Louver system and camera 5323 
Water column 

High speed camera 5137 
Liquid, conductivity, pressure sensitive, see Conductivity gage 
Loud speaker 

Electrostatic 5053 
Sonar U630 

Low pressure, see Vacuum gages. Manometers 

Magnetic pickups 
Generator-type, see 
Inductance, see 
Magnetostriction, see 

Magnetic tape, see Recorders 
Magnetization, saturation, see Physical effects 
Magneto-elastic pickups 3311 
Magnetophone, see Inductance pickup; Generator-type pickup 
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Magnetostriction gages, see also Microphones; Bl+3l, b!+61, 5026, $029 
Advantages and disadvantages l+8l6 
Bridge, ac 3707 

with full wave rectifier 1+020 
Design and material 

Nickel rod or tube 3302, 3909, 1+019, 1+020, 1+726 
Pe rmalloy 3 1+03, 3707 

Hysteresis 1+019 
Pickup, generator type 1+726 
Review, general 3203, 3713, 1+703, 1+928 
Transducers, underwater Li321, U630, 1+71+3, 1+836 

Lamination design 1+837 
Low Q 1+950 
Parabolic reflectors, two 1+71+3 

Manganin resistance gages, see Resistance pickups, pressure sensitive 
Manometer tables B523 
Manometers, see also Liquid columns; Mercury 

Centrifuge, air 51+10 
Commercially available £235 

Draft gages BU63 
Gas expansion, mercury pellet indicator U628 
Hydraulic pressure, high 1+951 
Lag, liquid 1+822 
Mercury 

Automatic 1+531+ 
Floating scale 1+902 
High pressure 3l08, 3206, 3617, 3715, 51+05 
Multiple column 3l08, 3715, 51+05 
Pickups, see Liquid column 

Micromanometers B391, b392, Bl+63, 1+631+, 1+938, £055, 51H-0 
Automatic, two-liquid 5-356 
Capacity pickup 5356 
Photo recording 1+631+ 

Review Bl+63, 2703 
Ring, balanced by weights 3617 

Theory 1+llU 
Manometry, review 1+911 
Mass spectrometer, see Vacuum gages 
McLeod gage, see Vacuum gages 
Mechanical pickups 

Bowed column 1+216 
Cantilever spring 2501, 2803 , 2801+, 3003, 1+801, 1+921+ 
Differential motion, pair of reeds (moves armature) 1+1+13 
Direct (stylus attached rigidly to diaphragm or piston rod) 3506, l+6l£, 

1+707, U730, 1+901+, 1+912, 51+01 
Flat springs with pointer 1+713 
Lever B38l, Bl+6l, 31+06, 3711, 1+805 

Mirror type 1+010 
Pointer type 1+010, 5120 
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Mechanical pickups (cont'd) 
Linkage b301, 2201, 3506, 1*011, 1*908, 5002 
Mechano-electronic, see Electronic 
Pickups, secondary 

Carbon composition 2803 , 2801*, 3003 
Inductance Bl*6l, l*l*l3, 1*8o5 
Optical lever 2501, 31*06, 1*808 
Strain gage 1*801, i*92l* 

Pneumatic transmission, secondary £120 

Pulley and string 1*511 
Recording, mechanical, see 
Torsion, quartz spring 5221* 
Vibrating -wire, see 

Mechanical switching, see Amplifiers 
Membranes, see Deformation gages; Diaphragms 
Mercury 

Capillary depression 1*535 
Meniscus 2907, 1*536 

Mercury column, see Barometer; Liquid column; Manometers 
Metals, general 

Beryllium copper, see 
Clocks and watches, survey 1*916 
Engineering metals and their alloys B532 
Handbook Bl*83 
Molybdenum 5367 
Nickel, high nickel alloys 5366 
Ni—Span C, see 
Phosphor bronze, see 
Pressure, high, effect on tensile properties 531*9 
Stainless steel, see 
Tantalum 5361 
Titanium, its alloys 5361 
Zirconium 5361 

Meteorological instruments B35l, Bl*71 
Atmospheric pressure, see 
Barometer, see 
Microbarograph, see 
"Wind structure and velocity 3210, 36l6 

Mica diaphragm, inductance pickup 2601 

Microbarograph 3806, 3912, 1*530, 1*739, 1*71*1, 5035 
Microraanometers B391, b392, Bl*63, 5055 
Microphones, acoustic 

Calibration techniques, see also Calibration, dynamic 
Reciprocity 1*006, 1*112, 1*527, 1*71*2, 5037, 5lU9 

Theory 1*006, 1*112 
Review Bl*91, B536 

Diaphragm, capacity 1*530, 1*739, 5035 
Diode 1*722 
Electrostatic 5051* 

Directional effect 5363 



SUBJECT INDEX (cont’d) - 108 - 

Microphones, acoustic (cont*d) 
High intensity 5332 
Miniature 5360, 5365 
Piezoelectric 5365 
Review Bl*91, 3510 
Transistor 5360 

Microphones, miscellaneous applications 
Blood pressure 5357, 5^21 
Echo sounders, ultrasonic 523l 
Explosions 5332 
Rocket or jet noise 5332 

Microphones, underwater, see also Explosions, underwater 
Electrostatic 505U 
Magnetostriction, see also Magnetostriction gages; 1321, U630, 1*73, 1*836 

Lamination design 1*837 
Low Q 1*950 

Piezoelectric, lithium sulphate 5259 
Microporous plug 

Electrokinetic transducer 5209, 53ll 
Sensitivity reducer 5209 

Miniature pressure transducers 
Diaphragm flat 

Pickups 
Capacitance 1*928, 5327 
Inductance 5217, 5327 
Strain gage 532, 5205, 5327 

Magnetostriction U726 
Piston and spring 

Pickup, inductance 5012 
Quartz diaphragm 1*010 
Tourmaline 1*219 

Miscellaneous physical effects of pressure possibly useful in dynamic 
measurement, see Physical effects 

Motor boat hull, see Applications, structural design studies 
Mounting 

Flush 5105, 5205 
Indenter gage for air blast 533 
Shock resistance 5105 

Natural frequency, see Dynamic response; Frequency response data 
Newton-ring, see Interferometer pickups 
Nickel and high nickel alloys, review 5366 
Ni-Span C, physical properties B532, 1*626, 5260, 51|22 

Bourdon tubes 5260 
Heat treatment 1*626 

Novoconstant, electrical resistance 3907 
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Optical lever b381, Bl*lIL, Bl*63, b511, 0801, 2.301, 230l*, 2l*0i*, 2701, 2805, 
31*0i*, 31*06, 3506, 3706. 3711. 1*010, 1*011, 1*105, 1*107, 1*609, 1*71*1*, 1*808 

Photographic recording 33o3, 3301*, 3803, 1*727, 1*922 
Pickup, photoelectric 1*911, 5ll6 

Optical methods, see also Interferometer; Optical lever, photoelectric pickup 
Review 51*01 

Spectroscopic l*93l, $lh3 
Supersonic wind tunnels Bl*73 

Shock or peak pressure computed from 
Refraction effects Bl*8l 
Shock velocity (rotating drum camera/ Bl*8l 
Velocity of "dome" (underwater explosion) 

High speed motion camera 1*732 
’’Streak” camera 1*732 

Oscillographs, see Recorders 
Oscillography, techniques 52l*2 
Oscilloscopes, see Indicators 
Output, see also Indicators; Recorders 

Function indicated or recorded 1*507, l*5llj 51*01 
dp/dt - time 3712 
Integral pdt 1*009, 1*221 
Peak pressure, see Crusher gage; Diaphragm, rupture; Indenter gage 

Pressure - dp/dt 5H7, 51*01 
Pressure - integral pdt 1*508, 1*510, 51*01 
Pressure - time 3303, 1*912 , 51*01 

Linear with 
Log of pressure 

Diaphragms, corrugated 5227 
Hypsometer, see 

Square root of pressure 
Bell, shaped 5330 
Diaphragms, corrugated 5227 

Over pressure, withstood 
Bellows 5063 
Diaphragm capsule 1*021, 1*809, 1*938, l*9l*3 

Phosphor bronze, see also Elastic moduli 
Bourdon tubes 5260 
Diaphragms 3911, 1*218 
Heat treatment i*9U2 
Physical properties B532, 5260, 51*22 

Photoelectric pickup 
Amplifiers, see 
Applications 

Barometer, mercury 5ll*6 
Blood pressure 1*015, 1*016, 1*110, 1*206 
Combustion 1*727 
Engine indicators 36l3, 3909, 1*011, 1*110, 5006 

325607 0-54-8 
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Photoelectric pickup (cont'd) 
Applications (cont'd) 

Physiology 1*308, 1*911 
Wind tunnel 

Low pressure 1*712 
Review 1*631* 

Bourdon tube 1*015 
Deflection of beam of light 1*911* £Ll6 
Intensity of beam of light 

Mercury barometer 5ll*6 
Reflected from surface 

Bourdon tube 1*015* 1*016 
Diaphragm 31*05, 3909, 1*011, 1*110, l*3o8, 1*712, 1*727, l*8ll* 
Theory 1*011 

Interception of beam of light (light shutter) 36l3, i*8ll*, 1*911, 1*928, 
5006, 5102 

Linearity 1*712 
Not classified 1*206 
Review b1*61*, 1*703 

Photographic recorders, see Recorders 
Phototube, see Photoelectric pickup 
Physical effects, possible utility, dynamic pressure measurement 

Dielectric constant, see Capacitance pickup 
Index of refraction, see Interferometer pickup 
Magnetization, saturated 3705 
Pressure, high B3ll, 3705, 1*605 
Resistance, electrical B3ll, 1*6o5, 5^58 
Solutions, electrical conductivity B3ll, !*605 

Physiology 
Acceleration and deceleration studies 5^17 
Blood pressure 

Elastic element 0301, 50l3, 50ll* 
Capacitance pickup 3710, 1*211*, 1*303, l*3o6, 1*523, l*7l*8, 1*923 , 5^01* 
Indicator, electrical 5357, 51*21 
Inductance pickup 5012 
Mechanical pressure gage 2703, 3107 
Microphone 5357, 51*21 
Optical pickup 2501, 2701, 31*0l*, 3706, 1*71*1* 
Piezoelectric pickup 1*108, 1*911 
Photoelectric pickup 1*015, 1*016, 1*206 
Recorder 1*103, 1*205, U52l*, 1*632, 1*750, 1*81*2, 5059 
Resistance pickup 3l03, 3l06 
Resistance wire strain gage pickup 1*629, 1*705, l*7ll*, 1*802, 1*81*1, 

1*81*2, 5052, 5107, 51*02 
Unclassified 1*733, 1*71*7, 1*91*9 
Vacuum tube pickup 5059, 5109 

Mercury manometer 2703, 3107 
Performance, gage 5317 
Review B 1*1*1, Bl*9U, B50l*, 0301, 1*632, 1*81*0, 1*911 
Unclassified l*7l*7 
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Physiology (cont'd) 
Explosive decompression 1*715 
Gages, general application 1*105, 1*107, 1*308, 1*512, 1*738, 1*802 
Inner ear pressure 1*101 
Pickup performance requirements B 1*1*1, 1*715 

Frequency response 5120 
Simplicity 5120 

Respiration studies 5219 
Pickups, see Accelerometer; Capacitance; Carbon composition; Conductivity 

gage; Crusher gage; Deformation gage; Diaphragm, rupture; Electrical 
contact; Electrokinetic; Electronic; Generator type; Indenter gage; 
Inductance; Interferometer; Magnetostriction gage; Mechanical; Micro¬ 
phones; Optical; photoelectric; Piezoelectric; Resistance, pressure 
sensitive; Resistance, variable contact; Semiconductor; Strain gage; 
Thermal-electric; Theimosensitive; Transducers; Vibrating wire 

Acceleration, independent of 52l*0 
Commercially available B531* 
Review, general b31*1, Bl*61*, B5l8, B53U, 5U01 

Piezoelectric crystals, see also Piezoelectric gages 
ADP (ammonium dehydrogen phosphate) Bl*8l, 5l6l 

Elastic constants 52bh 
Electric breakdown 1*906 

Theory 5l6U 
Barium titanate 1*735, 1*823, 1*910, 5058, 5l5U, 5301, 53l8, 5U01 

Theory 5l5U 
Comparison, performance Bl*8l, 5301, 51*01 
Electrical constants, see also specific crystal material 

Apparatus 52l*7, 5351 
Constants 5351 
Resistance and reactance 52l*7 

Impedance and admittance, ultrasonic l|.7lUi 
Performance 

Crystal surface phenomena 5l6l 
Potassium dehydrogen phosphate 

Elastic constants 52l*l* 
Quartz B277, b!*31, Bl*62, Bl*8l 

Anelasticity 5329 
Circuits, resonance 5350 
Elastic constants 52l*l*, 5350 
Electrical properties 51*13 
Frequency, vibration 

Bending effect 5l3l 
Calibration 1*736 
Natural 1*006, l*10l* 
Pressure, air, effect 5l3l 
Temperature effect J*l*28 
Thermal voltage 1*825 

Theory 5161* 
Thermal properties 5o3l*, 5329 
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Piezoelectric crystals (cont'd) 
Resonant current, safe 5253 
Review B462, B503 

Elastic constants 5242 
Rochelle salts B462, b481, 4737 

Elastic constants 5242 
Silica, see Quartz 
Sucrose U2l3 
Tartaric acid l|2l3 
Theory 5164 

Linear equations of state 5348 
Tourmaline B462, bU81 

Manufacture U6l3 
Pyroelectric, other temperature effects B48l, U601, 4610, 4932, 

5003, 5401 
Vibration frequency 5351 

Theory 5258 
Piezoelectric gages, see also Piezoelectric crystals 

Accelerometers 4427 
ADP (ammonium dehydrogen phosphate) 

Miniature, high frequency 4830 
Advantages and disadvantages 4019* i|3l8, 4708, 48l4* 48l6, 5204* 5401 
Applications, see also Quartz, Rochelle salts, etc. just below 

Acoustics 4830 
Aeronautical research 4952 
Engine indicators, see also 

Internal combustion, see also Piezoelectric gages. Quartz 
Detonation 4716 
Review 3703, 3909* 4019 

Explosions 
Blast 3615, U302, 43o4* 43l4, 4422, 4515* U522, ij6i2, 46i4, 

4621, 4925, 5207 
Chamber of pipes (not engines) 3609 * 3714 * 4933, 5262 

Gas mixture inside electric motor 5049* 5159* 5257 
Mines 5025* 5048 
Underwater B48l, 44l6, 4507, 4720 

Tourmaline, see Piezoelectric gages, tourmaline 
General 2202, 2902, 3206, 3208, 3612, 3901, 40l3, 4213 
Gun barrels 3714 
Physiology 4108, 4911 
Powder pressures 3914 
Shock waves, air 4315* 4915 
Ultrasonics 4744 
Vortices, atmospherics 5ll4 
Well hydrophones 5345 

Barium titanate 5371 
Frequency response 5371 
Hydrophones, deep well 5345 
Transducers 5058 
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Piezoelectric gages (cont'd) 
Cables B88l, 8312, 8807, 8810, 8822, 8506, 1*708, 1*918, 5003, 5106, 

5318, 5801 
Calibration, see 
Circuits, see also Amplifiers; Bridge circuits 

Review b1*61*, b887, 1*703, 5029 
Design and performance 

Hydrostatic sensitivity 8601, 8910, 5003, 5801 
Impedance and admittance 8958 
Mechanical vibration 5118, 5117 
Performance 82l3, 8952 
Hie 2202, 3209, 3712, 3901, 1*718, 1*925> 5117 
Principles 5003, 5007, 5008, 5301 
Push-pull U301 
Quartz, see Hezoelectric gages, quartz 
Spark plug 1*213, 85l3 

Dynamic response 3703, 8108, 8952, 5003 
Frequency limitation, review 5809 
Response to various pressure functions 8808, 1*1*16, 8601, 5003, 

5201*, 58oi 
Impulse gage 8.221 
Lithium sulphate 5259 
Quartz 

Design 3708, 80l3 
Engine indicators, internal combustion 2905* 2906, 3002, 3209, 33o5, 

3513, 3608, 3709, 3901, 8213, 85l3, 8718, 5117 
Detonation 2905, 2906, 3305, 3712, 8301, 5117 
Review 3601, 3712, 3910, 8019, 8301, 8928 
Spark plug size 82l3, 85l3, 8718 

Explosions 
Blast 3615, 8618, 8925, 5207 
Chamber or pipes (not engines) 3609 

Belgian practice 5262 

Underwater, see also Explosions 
Review b881, 8720 

Force measurement 83l6 
Frequency, natural, upper limit of pickups 8026 
Review 3208, 3612 
Rockets 8823 
Sound pressure 8519 
Underwater sound 5259 

Recorders 8208 
Oscillograph 5089, 5159, 5257 
Oscilloscope and camera 8952, 5l85 

Resonating current, safe 5253 
Review, general B38l, b862, B868, 3101, 3208, 3909, 8013, 8019, 8212, 

8507, 8703, 5025, 5801 
Air blast, 8612, 86l8 
Physiology 8911 
Underwater B88l 
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Piezoelectric gages (cont'd) 
Rochelle salts 

Blast gage l*3ol* 
Engine indicator 3601 
Physiology 1*108 
Review Bl*6l, 1*019, 1*703 
Rubber diaphragm I4IO8 
Underwater explosions 1*720 
Vortices, atmospheric 5lll* 

Sucrose 1*213 
Tartaric acid l*2l3 
Tourmaline 1*213, 1*703, 51*01 

Detonation, H2-O2 in tube 1*633 
Engine indicators 1*019 
Explosion and blast 2103, 2303, 1*302, 1*515* 1*601, l*6l3, 1*620, 

1*621, 1*633, 1*925 
Hydrophones, deep well 531*5 
Liquid-filled pres sure-sensitive cell 1*633 
Underwater explosion 1*219, 1*220, 1*302, l*3o5, 1*1*10, l*6l8, 5003, 5106 

Blast 1*3 01 
Review Bl*8l 

Voltage, standard 5128 
Piezoelectricity Bl*62, B503 
Pipe-line lag, see Lag 
Pipe-line pressure fluctuations, see Hydraulic pressure surges^ Pneumatic 

line surges 
Pirani gage, see Vacuum gages 
Piston, see also Crusher gagej Indenter gage 

Diaphragm element 
Pickup, inductance 36ll* 

Free 
Performance 1*707 
Pickup, direct mechanical 1*511* 1*707 
Sources of error 1*511 

Pickups 
Accelerometer 5220 
Piezoelectric Bl*6l, 3609* 3712, 3901, 1*209, l*5l3, 1*610, l*6ll* 
Semiconductor 3607 

Pistonphone, see Calibration, dynamic 
Production of dynamic pressures, see Calibration 
Spring element 1*009* 1*511* 1*730 

Comparison with diaphragm type 3506 
Pickups 

Direct mechanical 3506, 1*511* 1*730 
Generator type 3703, 1*009 
Inductance 1*927* 5012 
Mechanical linkage 2201, 3506, 1*908 
Optical lever 23ol*, 2805 
Piezoelectric 3910 

Review Bl*63, 51*01 
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Piston (cont'd) 
Theory U009, Ij3l0, lUt08, U511 
Time and pressure lag, sources of error 3506, U511 
Viscosity gage (i,e., piston backed with liquid) 

Pickup, direct mechanical U5H, U6l5, 5^01 
Piston gage, high pressure 

Calibration 
Mercury column 3216 
Mercury melting point, 0°C, 3915, 5232, 5335 
Water melting points 5232 

Pressure balanced by weights 
Beam, automatic inductance pickup U70I4. 
Directly applied B3ll, 3915, 1|6o5, 1i951 

Controlled piston-cylinder clearance 5335 
Differential pressure, variable datum pressure 5266 

pistonphone, see Calibration 
Pitot tubes 

Aircraft 
Design and performance 3512, 1|829, 5157 
Line lag U023, J4829 
Review 3211 

Jet engines 5229 
Turbine testing, design 5261 
Wind tunnels 3211 

Plastic deformation, see also Diaphragm deformation 
Residual stresses 1i936 

Plates, see Diaphragms, flat; Diaphragms, deformation 
Pneumatic amplifier and relay, see Relay, pressure 
Pneumatic lines, lag, see Lag 
Pneumatic line surges, see also Hydraulic pressure surges; Lag 

Exhaust pipe, engine U018, 5l2i| 
General ii5l8, i|8l8, 5132 
Theory 5016 

Polarization, rotation of plane, see Physical effects 
Porous plug, micro 5209, 53ll 
Potentiometer pickup, see Resistance pickups, variable contact potentiometer 
Powder pressures 39lU 
Power supplies, see Amplifiers 
Pressure amplifier, see Relay, pressure 
Pressure balance, see Balance 
Pressure computations, see Aeronautical applications 
Pressure elements, deflection, see also particular element 

Angular, see also Bourdon tubes 5353 
Linear with 

Log pressure 522U, 5353 
Square root of pressure 522li 

Pressure, high effect on tensile properties 53h9 
Pressure lag in lines, see Lag 
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Pressure measurement, high, static, see also Calibration, static 
Mercury column 3108, 3216, 3715 , 1*505 
Piston gages, see 

Pressure points, fixed B3ll, 3915, 1*6o5, 5232, 5335 
Resistance pickups, pressure sensitive, see 
Review B3ll, 1*605 
Seals 531*1 

Electrical leads 5368 
Pressure trend, meter, for presses 1*001 
Pressure units, conversion factors B5l3 

Process instrument elements, review 5235 

Quartz, see Bourdon tubes; Diaphragms, quartz; piezoelectric gages; 
Piezoelectric crystals 

Radioactive, pressure-sensitive element 5U12 
Radiosondes 3913, 1*022, 1*628 

Calibration, baroswitch 51^6 
Performance 1*7^40, 50l*2 

Ratiometer 
For inductance pickup 1*927 

Reactions, see Chemical reaction kinetics 
Reciprocity method, see Calibration; Microphones 
Recorded output, see Output 
Recorders, see also Indicators 

Digital, multipoint 5223, 5307 
Electric 1*81*2 
Electronic 1*610 
High speed, peak pressure, velocity method 5267 
Magnetic tape 

Slow play back 5U03 
Mechanical, see also Mechanical pickups 

Electrical trace on waxed or iodized paper 3001, 1*812, 5221 
Pen and ink l*20l*, 1*307 
Stylus (on smoked or waxed paper, celluloid, or metal) 2201, 1*518 

1*615, 1*707, 1*730, 1*901*, 1*912 ‘ 
Multichannel 

Blast pressures 1*1*22 
Pirani gages 1*929 
Rocket testing 5305 

Oscilloscope, review of methods 50l*3 
Photographic 

Film 1*507, 5005 
Moving film camera Bl*8l, 38o3, 1*507 

Cathode-ray trace 
One-dimensional 1*502, 1*612, 1*952 
Four tubes 3910 

’'Dome" or diaphragm velocity ('‘streak'' camera) 1*732, 1*911* 
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Recorders (cont'd) 
Photographic (cont'd) 

Moving film camera (cont'd) 
Flashing light ("glow-lamp") Bl±3l, 3602 
Galvanometer 2203, U923 
Interferometer gage U8o3, 3203 
Liquid column gage 3137, 3323 
Optical lever 2l;0li, 33o3, 33oli, lj.727, h922 
Oscillograph, mechanical or galvanometer 2203, 3303, 1109, 

1412, 43o8, 3023, 3039, 3lU3, 3237, 3328 
Oscilloscope U019, 4612, 30U3 
"Still" camera (high speed motion camera) 4307 
Synchronized drum camera 4313 

Review 4204, 4703, 3029 
Oscilloscope 3043 
Underwater sound 3370 

Timing marks, see Timing circuits 
Refraction effects, see Optical methods 
Relay, pressure 

Electro-mechanical 3168, 3423 
Hydraulics 

Dynamic response 3264 
Review B474, B3l8, 3264 

Pneumatic 
Flapper 3169, 3330, 3423 

Nozzle performance 4819 
Review b474, B3l8, 3263 

Resistance, composition, pickups, see Carbon composition and Semiconductor 
pickups 

Resistance pickups, see also Carbon composition pickups; Conductivity gage; 
Semi-conductor pickups; Strain gage; Thermosensitive pickups 

Pressure sensitive 
Bridge fixed (out-of-balance) 3701 
Carbon, see Carbon pickups 
Gold-chromium 3412, 3917, 4023, 3338, 3401 

Equilibrium diagram 2306 
Metallurgy 2306 
Resistance standards 3112, 3917, 4023 
Stability 3112, 4023 
Temperature effects 3112, 4023 

Gold-manganese 4309 
Liquids, conductivity gage, see Conductivity gage 
Manganin s3ll, 31l3, 3?l6, 4603, lf63 3, b931 

Enamel coated wire 3916, U6o3 
Review B3ll, 4603 
Seasoning 3ll3, 3701 
Temperature effects 3701, 3401 
Winding technique 3701 

Novoconstant (copper-manganese alloy) 3907 
Pressure coefficients of resistance b311, 1701, 4603 
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Resistance pickups (cont'd) 
"Variable" contact (potentiometer) 

For Bourdon tube 5326 
For mercury column B505, 5021, 5322 
General b464 
Spring transducer 5228 

Resonant circuits 
For capacitance pickups 

On side of resonance curve B46l, 3005, 3207* 4011, 4014, 4109, 
43o3, 4412, 4523, 48l4, 4934, 5029, 5ll4 

Resonant bridge, see Capacitance and Inductance pickups 
Tuned circuit 

As frequency modulator 2901, 4014, 4214, 4412, 4505, 4608, 
4620, 4703 , 4715, 48l4, 5015, 5n4, 5l36, 53o3, 53o6, 5401 

Transmitter 4708 
Push-pull operation 48l4 
With amplitude modulation 3902, 4014, 4212, 4214, 4306, 44ll, 

4624, 4703 
With tunable standard capacitance 2904 

For inductance pickups 4703 
On side of resonance curve 2601, 3204 

Respiration studies, see Physiology 
Ring manometer, see Manometers 
Rochelle salt, see Piezoelectric gages; Piezoelectric crystals 
Rocket, see Engine indicators 
Rubber diaphragm, see Diaphragm, rubber 
Rupture diaphragm or disks, see Diaphragm, rupture 

Sampling valve 4908, 5124 

Seals 4947 
High pressure 5341, 5368 
Teflon 5239, 5355, 5407 

Semi-conductor pickup, see also Carbon pickup 
Bridge, out-of-balance, dc 3712 
Film (aluminum oxide) 46o3 
High pressure 4317 
Physical basis (theory) 3301, 3606 
Review 3607 

Series circuit, ac 
For inductance pickup 3204 

Series circuit, dc 
For capacitance pickup 3902 
For resistance pickup (voltage drop across R serves as bias voltage 

of grid of first tube) 3905, 4503, 4703 
Sensitivity 5029 

Shock pressure, see Optical methods 

Shock resistance 5105 
Shock tube, see Calibration, calibration devices 



SUBJECT INDEX (cont'd) - 119 - 

Sine wave generators* see Calibration* dynamic 
Slack diaphragm* see Diaphragm* slack 
SMRE pressure gage 50l*8 
Sodium D-line* shift with pressure l*93l, $1 1*3 
Solder 

Films, thin 51*20 
Indium 5U20 
Review 5050 

Sonar* see Explosions* underwater; Magnetostriction gages; Microphones 
Sound* see also Acoustics 

Pressure* absolute 1*953 
Spark circuit (induction coil* see also Recorders* mechanical, electric 

trace) 33o6* 31*01, 31*07, 3712, 9010 
Spectroscopic methods 

Review i*93l* 5llj3 
Sphygmomanometers, see Physiology* blood pressure 
Spring transducers* see Resistance pickups, variable contact 
Springs* see also Elastic moduli^ Drift; Hysteresis 

Hair l*9li6 
Helical 3601* 
Instrument* review 5U22 
Iso elastic 36ol** l*ll3 
Materials 

Beryllium copper 380l*, 1*9U6 
Cadmium copper l*9l*6 

Elgiloy 1*9 li6 
Iso elastic 36ol** 1*9U6 
K-monel 3809 
Phosphor bronze 1*91*6 

Spiral 1*91*6 
Square-wave valve* see Calibration 
Stainless steel Bl*83* 1*931*, 5032 
Static tube 

Design 
Aircraft 50l*l* 
Subsonic free jets 5162 
Supersonic 5039* 50l*l* 

Jet engines 5229 
Line lag 1*111* 1*829 
Performance 

Aircraft 1*623* 1*829 
Ducts and jets 52l*9 
Supersonic 5039 
Turbine tests* subsonic 526l 

Strain gages* general* see Proc. Soc, Exper. Stress Analysis B502 
Strain gages* variable resistance, see also Carbon; Semi-conductor* pickups 

Resistance* pressure sensitive 
Advantages and disadvantages 1*816 
Amplifiers, see 
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Strain gages, variable resistance (cont'd) 
Application 

Aerodynamic 5371 
Blood pressure, see Physiology 
Diaphragm 1+905, 5027 
Engine indicator 1+908, 5211+, 5215* 5371 
Explosions and blast pressures 1+208 
Fluid pressures, low 5027, 5l38 
Hydrodynamic loads 5ll5 
Jet engine 5339 
Pump cylinder pressure 5021+ 
Reactions, rapid, chemical 5121 
Rocket engine 1+201, 1+501, 1+501+, 5009, 5215, 5305 
Vessel fatigue test 5310 

Bellows-spring, and 1+921+ 
Circuits 

Bridge ac 1+201, 1|307, 1+502, 1+503, 1+512, I+606, 1+703, 1+709, 1+908, 
51U7, 53ll+ 

Bridge dc, fixed 1+307, 1+503, 1+602, l+6l6, 1+636, 1+703, 1+709, 1+802, 
1+809, U811+, 1+929, 5127, 5305 

Bridge dc, quasi static 1+602, 1+801 
Series circuit dc 1+503, 1+703, l+8ll+, 1+908 

Film 
Aluminum oxide l+6o3 
Carbon (graphite) 5101+, 5U01 
Metallic 1+703, 5101+ 
Semi conductor !+6o3 
Soldering to 51+20 

Recorder 5lU8 
Ribbon 

Foil, bonded 5302 
Wire, bonded 

Applications, see, under Strain gages 
Bonding adhesives 1+003, 1+503, 1+703 , 5127 

Drying time 1+602 
Humidity effect 1+806, 5l0l+ 
Incomplete drying 1+806 
Water proofing 5101+ 

Calibration 1+322, 1+516 
Sensitivity and stability; linear range 1+501, l+503, 1+602, 

1+703, I+806 
Current carrying capacity I+806 
Design and construction 1+210, 1+501, 1+629, 1+709, 1+806, 5027, 5l38 

5251+, 5371 
Miniature 5107 

Flat diaphragm, and, 1+322, 1+629, 5027, 5107, 5138, 5251+ 
Frequency response 1+806, 5027, 5371, 51+09 
General characteristics Bl+6l, B502, B506, B521+, 3 203, 1+202, 1+503 

1+703, 1+806, 5122 

High temperature 1+711, 1+717, 51+19 
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Strain gages, variable resistance (cont'd) 
Wire, bonded (cont'd) 

Hysteresis 5101* (Gustafson) 
Insulation, aluminum oxide 51*19 
Manufacturers B53U 
Material 521*8 

Advance 
Hysteresis i|.807 

Gold chromium; Manganin, see Resistance, pressure sensitive 
Molding in plastic materials 1*003 
Performance 1*9 2 U, 5027, 5371 
Strain sensitivity of various materials 1*003, 1*202, 1*307, l*8o6, 

1*81*1*, 5127, 
Temperature compensation 1*003, 1*307, 1*602, 1*606, 1*908, 5205, 5327 
TMB type 1A 1*706 
Tube, sensitive element 5310 

Wire, review Bl*61*, b517, U602, 1*703, 5l0l*, 5122, 5205, 521*8, 51*01, 5Uo6 
Wire, unbonded 1*208, l*6l6, 1*607, 5029, 5101*, 5121, 5236, 51*01 

Acceleration effects 5205 
Bourdon tube l*6l6 
Manufacturers B531* 
Performance 

Statham 5051, 5121 
Stroboscopic methods 1*011 
Stroboscopic photography 

of rubber balloon during underwater blast 1*720 
Stress analysis, handbook, experimental B502 
Stresses, diaphragms, see Diaphragms, corrugated and flat 
Structural design studies, see Applications 
Sucrose, see Piezoelectric gages 
Sunbury indicator 3502, 3501*, 3505, 3703 , 5ll*2, 52l*6 
Supersonic flow, theory Bl*85 
Survey, see Books 
Sweep circuit, see Timing circuits 
Sylphon, see Bellows 
Symposia 

Barium titanate accelerometers 53l8 
Combustion, flame, explosions B535, 1*931-1*931* 
Frequency response, systems 531*1* 
High pressure 5232 
Metals, cold working 1*936 
Strain gages, resistance 5101* 
Telemetering 5033 

Synchronization methods, see Timing circuits 

Tape, magnetic, recording, see Recorders 
Tartaric acid, see piezoelectric gages 

Teflon 5239 , 5355, 51*07 
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Telemetering 1*827, 1*831*, $11*1*, ^31j.6, 531*7 
Converter circuit 5152 
Film reader 521*1 
Guided missiles 1*832, 5206, £238, 52l*5, 5255, 5352, 5359, 5362 
Linear discriminator 5151 
Multichannel B522, 5062, 5238 
Radiosonde 1*627, l*9l*0 
Review 5150 
Rocket 5061, 5156, 5250, 5251, 5362, 51a6 
Symposium 5033 
Theory 5150 

Temperature coefficient, elastic moduli, see Elastic moduli 
Thermal-electrie gage (PLrani gage), see Vacuum gages 

Thermosensitive pickups, see also Hypsometer 
General B3ll, b!*61*, 1*703 
Temperature indicates pressure in sealed system 500l* 

Timing circuits 
Requirements for recording transients 1*507 
Sweep 

Cam-controlled light to photoelectric generator of sweep current 
(P-V diagram) 31*05, 3909, 1*019, 1*621* 

Contactor-triggered electric sweep circuit 3209, 3501, 3601, 

3603, 3909, 1*005, 1*019, 1*109, 1*507, 1*513, 5001 
Current triggered linear sweep circuit 1*507 
Generator, a.c. and wave-shaping filter (P-V diagram) 1*005, 1*621* 
Magnetic-impulse-triggered electric sweep circuit 1*109 
Model crank and connecting rod used to strain spiral spring 

(P-V diagram) 1*908 
Potentiometer (slider over high resistance) 3712, 3909, 1*019, 1*621* 
Pressure-triggered electrical sweep circuit Bl*8l, 1*507, 1*621*, 5121 
Relaxation oscillator (P-T diagram) 31*05 
Rotary condenser 1*622 
Sweep circuits, misc. 3712, 1*212 
Voltage-triggered linear sweep circuit 1*507 

Time delay circuit 1*507 
Time marks 

Electric pulses in small coil above rotating slotted rim of iron 

wheel 1*018, 1*019, 1*607 
Pulse generator based on 60 cycle line 5121 
Rotating mechanical contactor l*5l3, 5001 
Tuning-fork oscillator l*50l* 

Tire pressure, dynamic 5129 
Torque tube transmitter 5063 
Torsion springs, quartz 5221* 
Tourmaline, see Piezoelectric gages 
Transducers, see also Capacitance; Inductance; Strain gage pickups etc. 

Aircraft B512 
Commercially available B531* 
Flight test, list of 1*731* 
Review Bl*61*, B5l8, 51*01 
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Transformers, differential, see Inductance pickups 
Transistors 

Circuits B5>33 
Microphone 5360 
Review 5252 

Transmission lag, tubing, see Lag 
Tube elastic, see Cylinder, elastic 
Tube, torque, transmitter 5063 
Tubing, connecting, pressure lag, see Lag; Hydraulic pressure surges 

Pneumatic line surges 
Tuned circuit, see Resonant circuits 
Turbulance, atmospheric, see Atmospheric pressure; Meteorological 

instruments 

Ultrasonic echo sounders 523l 
Ultrasonics, piezoelectric crystals B503 
Underwater explosions and sound, see Explosions; Microhpones; 

Magnetostriction gages 

Vacuum gages 
Alphatron 5Hl2 
Application 

Mass spectrometer 5H1 
Standard 5336 
Upper air 5038, 5223 
Wind tunnel, supersonic h929 

Ball, torsion balance U710 
Dynamic response h929 
Elastic element 

Capacitance pickup U530, lf?35, 5035, 5306, 5319 
Inductance pickup 1|805* 5lll> 5336 
Optical lever I4808 
Strain gage, resistance 5027 

Ionization Bi+93 
Knud son Bl±93 
McLeod B/593 

Accuracy 5118 
Butyl sebacate 1*323 

NRL gage 5233 
Pi rani BU93 

Differential type 5038, 5056, 5233 
Leak detector 5056 
Miniature 5320 
Wind tunnel, supersonic 1x929 

Review BU93, §165 
Time constants, system b929 
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Vacuum tube circuits BU87 
Vacuum tube transducers 5059 

Diode h722, 5109 
Valve, sampling 1*908, 512U 
Velocity method, see also Optical methods 5267 
Velocity tube, using lycopodium powder U510 
Vibrating wire pickup 3507 

Frequency modulation of associated oscillator 5326 
General 3203, lf703 

Vibration b371, BU72, Bi;82, B501 
Viscosity gage, see Piston 
Voltmeter, peak-reading, see Indicators 

V*'ater cooled pressure element 5215 
Water "Hammer", see Hydraulic pressure surges 
Wheatstone bridge, see Bridge circuits 
Wind structure 3210, 36l6 
Wind tunnels, see Aeronautical applications 
Wire strain gages, see Strain gages 
Wire, vibrating, see Vibrating wire pickups 

Z-nickel 380U 

U. S. GOVERNMENT PRINTING OFFICE : 1955 O - 325607 






