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REPORT No. 125. ,

GENERAL CLASHFICATION OF INSTRUMENTS AND PROBLEMS,
INCLUDING BIBLIOGRAPHY.

By MAYO D; HEiiSEY.

iNTRODUCTION.

This report is Section I of a series of papeq comprisbg 8 gaer~ rePort”on aeronautic
instruments, pubLished as Technical Reports ATOS.125 to 132, inclusive, which contain the
results of investigations on aeronautic instruments by the Bureau of Standards and which huve
been prepared under research authorizations formulated and recommended by the subcommittee
on aerodyrmmica and approved by the National Advisory Committee for Aeronautic- Much
of the material contained in th~ report wcs made avaiIable through the cooperation of the
War and Navy Departments.

As authorized by the committee on aerodynamics, these reports include a complete account
of the status of aeronautic instruments at the end of the war and cover the subject in detail
up to the beginning of the year 1920’. Siice that date nearly a year and a half has been required
for the actual preparation of the manuscripts, which represent the cooperative effort of ei@t-
een individual authors, many of whom have left the Government serwice. Report h70. 132,
by Dr. F. L. Hunt, now Chief of the Aeronautic Instruments Secticm of the Bureau of Standards,
serves to bridge this gap by giving a brief statement of recent developments. The bibliography
also has been kept complete up to the moment of going to pres.

Technical Reporta Nos. 126 to 131, inclusive, contain a systematic, illustrated description x
of .Anerican, British, French, ItaLian, Swiss, Dutch, Danish, Austrian, and Germm aircraft
instruments, together with methods of testing developed by the Bureau of Standards, and
brief statements of inw.d.igation results. In compiIing the materkd for these reports, separate
papers have been written by experts on the respective types of instruments, as, for example,
altimeters, tachometers, or oxygen apparatus.

Subjects which are common to instruments iu general are treated in this report. Through-
out the series of reports emphasis has been placed on the description of successful typea of
instruments and the exposition of fundamental scientific principles, while the space devoted
to investigations and developments of transitory interest has been reduced to a minimum.
In this way it is expected that the reports will be of permanent value for reference.

.
. SUMMARY.

This report is intended as a technical introduction to the series of reports on aeronautic
instrumenf9. It presents a &c&ion of those subjects which are common to all instruments.
In tha first place, a general classification is given, embra@ng all types ‘of instruments used in
aeronautics. The arrangement of information dealing with these various instrument thr&gh-
out the reports is then briefly indicated as a guide to the reader. Finally, a classification is
given of the various problems confronted by the instrument expert and instigator. In this
way the following groups of problems are brought up for consideration: Fi@, problems of
mechanical design; second, human factor; third, manufacturing problems; fourth, supply and
selection of instruments; tith, problems concerning the technique of testing; skth, problems
of installation; seventh, problems camern@ the use of instruments; eighth, problems of
maintenance; ninth, physical research problems. This enumeration of problems which are
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common to instruments in general serves b indicate the different points of view which should
be kept freshly in tid in approaching the study of any particular instrument.

CLASSIFICATIONOF INSTRUMENTS.

Instruments used in aeronautics may be classified first of all into threo genernl groups
according as they are used on the ground; or sent up into the fi.iron kites and Mloons, solely
for serological purposes; or installed on board navigable aircraft. Briefly, these three groups
may be designated as ground instruments, serological instruments, and aircraft instruments.

Ground instruments comprise aircraft location instruments, meteorological, and laboratory
instruments. Aircraft location instruments include, first, those used for detecting the approach
of hostile aircraft, usually acoustic in principle; second, instruments for measuring the altitude
or speed of aircraft from the ground, based upon transits or other sighting devices; third, cowsc-
tracing instruments, such as the camera-obscura and recording theodolites. Laboratory insfru-
ments for aeronautic work include, beeides wind-tunnel and power-plant testing equipment, the
necessary standard or master instruments for use in calibrating aircraft instruments.

Serological instruments may be put into four groups according as they are sent up on
kites and pilot balloons, or in capti~e balloons, in free balloons, or in navigable aircraft. in
the &t case only recording instruments are wanted, and the altitude range may need to be
exceedingly high. Maximum indicators have an application here as well as those yiehling
continuous records. For captive balioons the need of instruments would seem tu be a minimum,
but might include the aneroid barometer and anemometer. For free balloons the anemometer,
or air-speed indicator, would not serve any purpose, but the altimeter and compass and a ground-
speed indicator would be desirable, and a statoscope indispensable for delicato indications of
ascent’ or descent. For preserving a record of the trip and investigating air conditiu~ encoun-
tered, the various xerographic instmments would be.used, including barograph, thmmogrnph,
and hygrograph. Aerologica.1instruments may, finally, be installed in airplanes and dirigibles
for investigation of atmospheric conditions, or, as in the case of the struLthermometer, to secure
data needed for reducing performance tasts”to standard atmospheric conditions. l’ho term
serological is employed in these reports to &st.igguis&jnst~nents used in studying the struc-
ture of the atmosphere from those needed as an aid to flying. The latter will be referred to as
rbircraftinstruments.

Aircraft instruments are fundamentally divided into two groups, those designed for experi-
mental purposes and those furnished as a part of the regular service equipment of aircraft.
Experimental instruments must be capable of more accurate results than service instruments,
and the self-recording feature is desirable, but the designer h~s considerable latitude in atttiining
these. objects. In contrast with this, service instrument+ though less sensitive and precise,
must be sticiently reliable under a more severe range of conditions; and they must be direct-
reading without elaborate corrections, not easily deranged, and possessing minimum bulk tind
weight.

Experime~tal instruments differ somewhat in operation and in requirements according as
they are designed for routine performmce testing, for_gteady flight.investigations, for stunting
and accelerated flight, or for competitive aItitude records.

Service instruments, on’ the contrary, are desigged more wi& reference to the typo of
aircraft than the character of the flight, since the latter is indeterminate. While tho majority
of service instruments are the same for all aircraft, some are specially adapted for seoplmwe,
others for. multiple engine craft, and, fially, a.dditimml instruments such as gas-bag manom-
eters and thermometers, water-ballast gauges, bdonet volume indicators, and hydrogen
detectors may be needbd for lighter-than-air craft.

Tluwe various classifications are shown concisely in Table 1.
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IMTEUMENTS USED N AERONAUTICS.

I. GROUNDIM3TRUMMTS.
A.AIRCRAFT LOOATIOX INSTRUMENTS.

For detection.
For speed measurement. .
For course tracing.

B. WdTEOROLOOIML IX3’I’RUME3TS.
C. LABOFWTORY INSTRUMENTS.

For wind tunnels, power-plant testing, ete.
For calibration of “aircraft instruments.

11.~EROLOGIC~LIIWTRUMXNTS.
A. FOR *ES AND PILOT BALI.00XE.
B. FOR CAPTIVE BALLOONS.
C. FOR FREE BALLOONS.

1[1. MRCR3F17IZ’WTRUMIKYTS.
A.EXPERIMENTALLWSTRUMEXTS.

For routine performance testing.
For steady flight invest&ations.
For stunt~kg and accekrated flight.
For competitive altit-uderecords.

B. SERVICE INSTRKl_M3NTS.

Instruments common to all aircraft.
Instruments adapted for seaplanes.
instruments for multiple engine craft.
Additional instruments for airships.

Service instruments may further be cIassiied with reference to the- rwpeotive physical
measurements made; this has been done more or less completely in Table Il.

SEW-ICEINSTRUMENTS.
1. ALTITUDE INSTRITMENTS.

(a) Altimeters and barographs.
(h) Statoscopes and rate-of+lknb indicators
(c) Xerographic instruments.

Z SPEED INSTBUMRNTS.

(a) Air speed indicators.
(b) Ground speed inticatom.

&DlREC”I!IOX INSTRUMENTS. t

(a) Inclinometers and banking indicators.
(6) Stabilizers.
(c) Compassw and turn indicators,

L“POWER-PLANT NSTEUMENTS.

(a) Tachometers.
(h) Thermometers.
(c) Pressure gauges. i
(d) Gasoline depth gauges and flow meters.

&OXYGEN AND OTELEBAOOESSOBYmSTEUXE2Wk
6.NAVIGATINGINSTRUMENTS.

The first five groups meet the requirements of local aviation, while those of the sixth group
(navigation instruments) are needed for long-distance fIights. IkoaJ aviation instruments
may be divided into general fly@ instruments, power-plant instruments, and accesory instru-
ments. The general fly@ instruments =e chssitied as altitude, speed, or direction tit~-
ments, and shown hereby groups 1, 2, and 3. Power-plant instruments me represented by group
4. Oxygen apparatus for the aviator constitutes the most important of the accesso~ instru-
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ments, group 5, although bombsight md other military or photographic equipment might also
be included here, together with hydrogen detectors, buoyancy cOm@ersJ and other airs~liP
w3ce9sories.

COMPOSITIONOF THE SERIESOF REPO”RTS.

Substantially the foregoing classification (Table II) has been adopted for the framework
of these reports, which deal primarily with sertige i@ruments. To a less exbmt experimental,
serological, and laboratory instruments are likewise discussed and grouped under tho same
general headings. The six classes in Table II corn%pond respectively to Reports Nfos, 12G to
131, inclusive.

~us, Report No. 128 covers the general field of altitude instruments and closely-related
subjects in the following papers:

Part I, by A. H. Mears, 1% B. Hendrickson,and W. G. Brombacher, on altimeters and
barographs;

Part II, by J. B. Peterson and J. R. Freeman, jr., on precision altim~tcr design;
Part 111, by A. H. Mears, on statoscopes and rnte-of-climb indicators;
Part IV, by J. A. C. Warner, on xerographic instruments.
Report No. 127, dealing with aircraft speed instruments, by F. L. Hunt and by H. O.

Stearns, is composed of one part descriptive of air-speed indicatom, a second on testing nmt.h-
ods, and a third on principles of ground speed measurement.

Dwection instrument, a complex group, are brought tigether in Report No. 128, in the
following papers:

Part I, by W. S. Franklin and M. H. Stillman~ co-vering inclinometers and banking indi-
ctitors, including all necessary .gyroscopic principles;

Part II, by R. L. Stmford, dealing specifically .-withmethods adopted for testing magnetic
compasses; ?

Part 111, by J. A. C. Warner, comprehensively describing compasses;
Par~ IV, by’ R. C!.Sylvander and L1eut. E. W. .RounM ~. S. ~., describ~g tum indi-

cators.
Report No. 12g includes tho numerous power-plant instruments in five parts, as follows:
Part I, by G. Il. Washburn, dealing with aircraft tachometers;
Part II, by R. C. Sylyander, on testing methoc@ for tachometers;
Part HI, by E. F. Mueller and R. W. Wmdm,. on t~~ermorne~ers for aircraft cl~gin@s.
Part IV, by H. N. Etiton, on presmu%gauges;
Pmt V, by J. A. C. Warner, oh gasoline depth gaug= and flow meters.
Report 370.130, by F. L. Hunt, presents a complete account of oxygen cquipnwnt for the

aviator. ~
Report No. 131, by H. ~. Ilatcm, is a comprehensive report on modern navigating instru-

ments for long-distance flight, including radio equipment. This subject is approached from
the standpoint of aerial navigation methods rather than that of the physical operation of the
instruments. Passing from one problem of navigation to ano@r, the instruments needed are
described in turn. This paper naturally overlaps with several of the others; for example, in
the case-of air-speed indicators and compasses,-because the navigator has to depend on all of
the instruments ta some extent in addition to b .Q= ~pecial equipment. In such instances
reference can be made to other reports of the series for the details of mechanical construction,
so that it remains only to discuss those characteristics of the instrument pertaining to the
navigation problem itself, especially questions concerning the accuracy attainable.

ThB underetfi&ng of the” general arrangement 6f subjtict matkr should make it possibIc
for the reader ta locata a given topic without any alphabetical index by reference to the table
of contents at the beginning of each report. In one-or another of these trddesevery instrument
discussed in the body of the reports will be found listed, t&ing usually the maker’s nama or
trade name as its designation. Altogether in Reporte Nos. 120 to 131, inclusive, ‘somo 250
difhmt instruments are speciiically described, aside from twting equipment. (Practically

m
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aU of the more important of these instruments have been avaiIable for examination in the
Government instrument collection maintained at the Bureau of Standards in Washington.)

While the general outline or plan of these reports was entirely the work of the .Ieronautic
Instrunienta Section, organized by the author under the personal supervision ‘of Dr. Stratton,
all departments of the bureau have been freely called upon for cooperation. Thus wind @nel
tests were made in cooperation with the stafi! of the aerodynamic laboratory, other tests were
carried on with the facilities of the Iow temperature labor&myj and the contributions of Messrs.
Freeman, Wilbnrm, Sanford, and Mueller and WilheLm were made possible through courtesy
of the metdhrgy, weights and measures, elec@cal, and heat divisions, respectively.

by adequate attempt to aclmowledge cooperative twsistance receivd” from outside the
circle of those who participated directly in this work would develop almost into a complete
cataIogue of the aviation authorities and imtrument experts in the United States and allied
ccmntries. However, the authom and compiIers of these reports corilially recognize these
iunumerable courtesies, in the absence of which the reports couM not have been made at all
complete.

CLASSIFICATIONOF PROBLEMS.

While the concrete details of the r=pective instruments will be thoroughly ttiken up in the
subsequent papers, there are some prob~m common to W ~~en~ which m~y W~ be
considered first. Such problems, originating in the study of one particular instrument, often-
times lead to a general solution which can later be applied with advantage to other instruments
presenthqg analogous questiom. Moreover, it ought to stimulate the imagination to take this
bird’s-eye view of instrument problems in the abstract, enabling one to study the remaining
reporb more critically and to be better prepared to anticipate the M3?icultiesinvolved in any
contemplated project of instrument development..

.
PEOBLBMSOF MECHANICALDESIGN.

The art of designing aeronaut&1 instqmnerttsis at prwent almost wholly on a cuhand-try
basis. It is to be expected that rational d+i.gg d eventufly supersede empirical design, so
that the dasigger, utilizing available results of physical research, can go aImost directly to the
drawing board and lay out the necessmy proportions for securing the dasired performance.

In either crise the design will be carried forward in two general stages, fl@ acmmpliahing
what might be called the functional design, and then modifying this design in conformity with
practicaI restrictions that may have been tiposed.

‘l%ia prehnimmy or functioned dmign includm in typical cases the design of the force
eIe&ent, the transmission mechanism, the indicating & record@ eIement, and the compensa-
tion, in aII their interrelations.

Practicably every type of instrument is actuated by some force element. The force in
qu~tion is produced by some effect corresponding in magnitude with the physical quantity
to be measured. In the various aeronautic instruments this initial force action may be set
up by hydrostatic pressure>impact pressure, centrifugal force, gyrostatic torque, viscous dr~u,
thermrd eqmnsion, magnetic field, or otherwise. However produced, it is usually registered
by the deformation of some elastic system, such as a steel spring, a German silver diaphragm,
or some combination of elastic parts. In the consideration of spring design, regardless of the
particuhw instrument in question, certain problems will come up. bong these are the deter-
mination of the stiffn= needed; the calculation of the necessary dimensions or shape to pro-
duce this amount of stiffness; the amount of deflection possible without depart~~wfrom a uniform
scale relation; and means for securing sufficient rigidity in the attachment of the spring. Sii-
lar problems arise in diaphra=m design, including the conside~tion of the effect of corruga-
tions; thickness of metal; variability of thiclmess from center to circumference as a means of
controlling the scale rdation; relative advantage of comb~m diaphra=m in series as con-
trasted with incretusingthe area of a s@e diaphaa~; b=t me~od for jo~- fie toP ~d.
bottom diaphra=- together at the rim. Many other such questions are involved in succwsfnI
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diaphra=m design, and it is notable that flexible diaphragms are used in a Iarge number of the
most diverse instruments. The design of the complete force element may a,lso requiro tho
consideration of the properties of coupled systems. -.

The problems of transmkaion design are largely geometrical. Uniformity of scale in the
fihed instrument is usually desirabIe, and expedients for securing this by suitnble arrange-
ment of levers, came, or other”movements are of interest in connection with all instrurneuts.
The mechanism must also be provided with a sufficient degree of adjustability M regards both
the zero point and the total multiplying power. Other considerations involved me the re~ative
merits of jewelled or metallic bearings; of Icni.&edge contacta or flexible plate connections; of
large multiplying power or large force action. In all mechanisms, fially, a suitable compromise
has to be detkrrninedbetween frictiori and lost motion. Neither one can ba complet.ely elimi;
nated without suffering too large an influenco from t@ other.

Even the dial and pointer design involves sciegtiiic problems which have not been com-
pletely solved. The graduations may either be laid out empirically, after assembling and test-
ing the instrument with a substitute dial, or they may be laid out in a uniform manner before-
hand, with the expectation of subseqmmtly adjusting the movement to agree with tho dial.
IWximum visibility and precision must be secured for both the dial and pointer. The poifiter
must be sufficiently close to the dial surface to reduce the parallas without danger of contact,
and the attachment of the pointer to the spindle must be such as to permit readjustment of
position without danger of s~pping around while the @Arument is in use.

The design of compensation devices is likewise difficult. It seems cmnparativcly simple
to compensate for gravitational effects (inclination of fitrunynt) by suitable counterwcighta,
but this has rady been done with complete success. Compensation for angular accelerations
such as are always present due to the vibration of the instrument board has rarely been under-
taken. The effect of temperature on the reading of the instrument, other coalitions remaining
constant, can be compensated by thermal expansion devices, such as the bimetallic Imr familiar
in aneroid construction, but the compensation of instruments. for change of sensitivity with
temperature may practically be classed as an unaoh-ed problem.

The final stage of design has mairdy two objects in view: l?irstj conformity with limitations
of weight and size; second, interchangeability.

In regard to the former requirement, it is evident that, while a large force action is desirable
to overcome friction in the mechanism, this on the one hand may, in the case of diaphragm
instruments, require large areas and tend to make thg total instrument too h.rge; on the other
hand large for~ action requires greater strength of supporting parts, thus tending to make the
weight of the tial ititrument” excessivil”” Here, as ii so many other problems of .mec,hanical
design, a suitable compromise has to be deteiinined upon.

Standardization of dwign for the purpose of intercha~ability applies h the external
size of case, arrangement of holes and flanges, connections to shafting or tubing, cover glasses,
screw threads, etc. A beginning has been made tmwyd intonational standardization on many
of these detaili by the work of the International Aircraft Standards Board as tempormily
organized in Washington during the war. This general subject of standardization would seem
to merit further consideration in the future.

THE HUMANFACTOR.

The reaction of the aviator to his instruments has to be considered, as well as the operation
of the instruments themselves, This is evident enough in the case of appliances such as oxygan
apparatus, intended solely for the comfort and ef%ciency of the aviator, or in the case of com-
plicated instruments such as bomb sights. But it is equally true with h more simple, dirw+
reading instruments. It is not enough for such inst~ente tobe mcc.hanicalIy correct; thy
must be, in the case of service instruments, readily intelligible to the pilot, The mtinipulation
of the instrument must not make an appreciable demand on his time or attention. l’ho
visibility must be satisfactory both day and night. ” Finally, semice iustrunmnts must be
“fool proof.” While much can be accomplished by technical instruction courses for atiation

.
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personnel, MI the persomd prejudice of the average pilot has to be reckoned witi If the
instrument for any resson fails to appeal to the individual pilot, he will take great chances
rather than trouble to look at it. On the other hand, if the instrument pleases his fancy, he
may grow so attached to it bat he will claim he could not fly safely without it, even though
the instrument be scientifically bown to be incorrect. Cluriou9examples of this circumstance
were found in the popularity of the earlier liquid type Pitd tube amorg the British pilots
and the spa-top inclinometer among the French.

W4N’U-FA C?rgRIN G PROBLEMS.

For best results the instrument designer must kwk beyond the intrinsic probkns of his
instru+aent to consider the dif6cuIties of actual construction, and wpecia~y of quantity pro-
duction. The problems of cast~ stampti~ rnachin@, tempering} assembling, and other
processes may, of course, be such as to make one dmign more economical or capable of quicker
production than another of the same quality.

Having aggeed upon a given d@n, there still remain problems of production efficiency
which the manufacturer must settle by himself. Take, for example, the question of uniform
or empirical scale graduations already referred to. lifachines me on the market for graduat~m
mercury-in-ghi,ss thermometers automaticrdly in such a manner that any three fixed points
may be scratched on the stem and the remainder of the scale srnoothIy interpolated. The -
same procw.s shouId be. applicable to aeronautic ihstrumente. of the circular dial type. Now
for quantity production, this method, whether executed automatically or by hand, is without
doubt the most eflicient for turning out properly adjusted instruments. It dminates the
time needed on uniform scale instruments for tink~u with each individual movement; and
the empiricrd scale instrument passes inspection tests with practically no rejections for cali-
bration error. Yet after being out in servcice for some time, if the respective instrmnegts ‘
undergo exactIy the since internal changgl the uniform scale will now show the less error, as
careful reasoning might predict. Thus, there is somethhg ta be said in favor of each method, \
and the problem can not be set&d a priori.

Besides many such special probhns, the manufacturer is always confronted by the.general
question whether it will pay better to force production rapidly, permitting a I@h percentage
of test rejections, or to more carefully examine the material entering each instrument, thus
slowing down the procw.s but insuring a nearly perfect product in each case. ‘While &is prob-
lem mists to some degree in all manufactur~m work, it is a specially prominent and interding
one for messur@ instruments.

SUPPLYANDSELECTIONOF INSTRUMENTS.

Proper coordination of instrument orders, not merely speed of production, was found” to
be of critical importance during the war. Such coordination requires both a correct relative
amount of different items and correct choice of correspond@ parts. Questions of this kind
can not be satisfactorily settled by office personnel. Technical knowledge and personal contact
with conditions at the airdromw are necessary.

The control of quality of output by systematic inspection is generaIIy necwm.ry. Such
inspection in this country and England is bqsed on writtan specifications. In France such
spetications were not in vogue during the vrar~greater reliance be~u placed on the artistic
pride and professional skill of the numerous instrument manufacturers of established repu-
tation.

An important diRerence between the inspection system folIowed in England and in this
country was that in England practically all of the inspection and testing was done at one larga
central station, the Royal Aircraft E4ab1ishment at Farnboro~Uh, while in this coumtry
inspectors were sent out by the Government and stationed at. the difFerent factories. ~ it
was, the inspectors were trained for their work at tie Bureau of Standards, and a certain pro-
portion of the instrument production from sll parts of the country was shipped to the Bureau
of Standards for more cwmplete tests.
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Factory inspection twts may legitimatdy be acc@erated in various ways if the instruments
will be individually tested, as they always should be, immediately before installation on tho
aircraft. Urdess this is done, the instruments are liable to errors incurred (luring trampor-
tatiom If it is done, the factory tests, at least those conducted by the Governmcmt inspection
staff, may be directed to the rejection of defective instruments rather than to the observation
of calibration errors. The distinction between defects and errors is a fundamental ogc.
Defects-that is, methanim.1imperfections-are avoidable and need not be permitted. Errors,
on the other hand, must be present in every measu@g instrument; they can not be avoided
in kind, but only diminished in magnitude.

This leads up to the general matter of instrument selection, which is Lest accomplished by
written specifications. The routine of preparing, revising, and enforcing instrument spmifi- .,
cations can be facilitated by separating the technical specifications from other items and
dividing them into construction and performance specifications.

Opinions differ regarding the need of construction specficaticms. Ono view is that tic
purchaser, exoept in special instances, should not bind the manufacturer LUany particulm set
of constructive details. It is held that since uRimately the purchaser can only be interested
in the performance of his instrument, the expedients available for securing th~ pcrforrmmco
may better be left to the discretion of the manufacturer. In fact, at times rygid inskteuco
upon construction specifications has resulted in eliminating valuable improvements. On tho
other hand, performance- specifications formulated in ignorance of tho mechanical dotds of
the instrument are liable to overlook some item which might give rise to serious sources of error
not provided for. In such a case the instrument, though worthless, could not legitinmtcly be
rejected. The best practice seems b be a compromise, leaving the construction specifications
as liberal as possible but protecting the purchaser by making the performance specifications
quite complete. This situation is also helped by not placing unduly large orders each time,
thus leaving the rn~facturer free to propose improvement which can be adopted from timo
to time with a remuon of speci6cations.

The art of writing specification:, particularly performance specifications, involves hvo
main problems: First, that of simpliffi and standardizing the form of the specifications;
second, that of securing stic:ent flexibility in the requirements laid down.

Test reports are necessary in order to show whether an instrument conforms tu the perform-
ance specifkations, and unless the specifications have been prepared with just this difficulty in
mind, the corresponding test report will drag out tg an inconvenient Iength, requiring a volu-
minous set of curves, perhaps, to represent the observations on a single instrument. By
long study of this problem in the case of altimeter tasting it was found possible to select and
deilne mathematically a minimum number of performance characteristics which could bo repre-
sented by single numericaI magnitudes. As a resrdt, it became possibIe to give tho cssent.ial
test results of a large group of instrumerits on one single *eet of paper, a significant economy ]
when instrument are tasted in quantity, and aIso an advantage when investigating st~tistical~y
the progressive improvement in the quality of instruments from time ta time.

The other problem, flexibility of requirements, maybe illustrated by an exampIe. Suppose
that a given instrument is required by the specifications to show satiafactary performance in
five particulars, A, B, C!jD, and 13, each determined by some laboratory test. The aimplcst
way of writing the specifications is to say “that the instrument will be accepted if each of tho ,
errors, A, B, (7, D, and E, is less than a stated numerical amount; oLherwise, rejected. This
system is satisfactory for instruments showing uniformly large or small errors throughout the
schedule. But”suppose that “twosample instruments are submitted by rival concerns, X and Y,
seeking contracts. Suppose, further, that the X indiriunent shows practically perfect perform-
ance on the last four items, but just barely falls below the-kmit on item A, while instruirmnt1“
just barely slips by on dl five items. Which inslmunent is the better for practical usc ?
Obviously the X instrument, because of its exceptionally good performance in the majority of
the tests. Therefore, the simple system of rejection limits formulated above is unfair to the
manufacturer and disadvantageous to the purchaser.
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Two suggestions at least have been mide for solving this probknn, but notig has yet
been settled upon. One proposal is to formuhite two sets of limits, a maximum and a minimum
for each of the firrors A, B, C, D, and E. If the instrument exceeds the maximum error for
any one item, it is rejected; if it exceeds the minimum errcmfor all items, it is Iikewise rejected;
but if it exceeds the minimum Emit in a suilicienily small number of items onIy, say, A and B,
while shotig figures below the minimum limit for the remaining items C, D, and E$ then it is
not rejected. The other plan is to assigg numerical weights to the different e~ors reported m
order to derive a figure of merit or average result, such as is furnished in the civil service report
of a candidate’s examination. Cabg rmmericsJ errors A, B, C, D, and E, and the arbitrary
weighting factors a, b, Cjd, and e, one computes the quotient:

Aa+Bb+Cc+Dd+Ee
a+ b+c+d+e ,

The resulting figure shall not exceed a prescribed numerical maegnitu~e. This sytem has been
followed for some time in the testing of timepieces at the Bureau of Standards and elsewhere,
but it can not be adopted hastily on account of the difhmlty of est.abIishingsuitable values for
the relative w&mhts, a, b, c, d, amd e.

The determination of numerical limits for performance speodications, after agreement upon
the form of the specifications, depends on two sources of information-first, production possi-
bilities; second, actual neede in the air on the part of the pilot. Very muoh further study is
needed on the subject of instrument spetications.

Pl10BLE31SCONCIZMLING~ TEC~TQUE OF TES~”G.

The fundamental probkros of Laboratory testing are: I?irst, the development of suitable
standards of measurement; second, the reproduction or simulation in the laboratory of the
essential physical conditions experienced in tight. The question of standards wiIl be found
discussed in eaeh of the subsequent papers.

The most siggcant conditions experienced in fight are these five:
1. Extreme change of temperature; .

2. Change of pmsure or density;
3. Inclination or acceleratlion;
4. Vibration:
5. Time elapsed during flight.

Practicality all instruments are liable to be influenced by change of temperattie. For the
testing of comp~et-edinstruments it is convenient to control the temperature of a confined body
of air, inside of whioh the instrument wiIl then be operated and tested in the usual manner. But
for prebinary testing and adjustment. in the factory time can be saved by immersing the
mechanism done in a liquid bath before assembling. For eliminating very imperfect instru-
ments it is sticimt to secure the desired temperature change by heating. But for aocurate
results cooling is likewise necessary, for some instruments give aha.qdy paraboIic temperature
curves, showing fair compensation in the warm region but sloping off steeply tawimd the cold.

Change of pressure and density can be regdated in the laboratory by pIacing the instrument
in some air-tight container, connected to m, insulated air chruhber of large volume in which the
requisite vacuum is maintained. Expedients necessary for operating most of the instruments
under reduced pressure are described in the subsequent papers, while such observations on air
speed nozzles ha~e already been presented iu”Report No. 110, The Altitude Effect on Air Speed
Indicators, published by the National Advisory Committee for Aeronautics (sixth &mu~
Report). .

The effects of inolinaticm and of linear accxderati~nare equivalent, because either is equiva-
lent to a change in the effective ocnnponent of gravity. Linear acceleration errors equivalent
to a decrease of gravity can be reproduced in the laboratory then by tilting or inverting the in-
strument. Accelerations corresponding to an increase of gra~ty may be reaIized by the use
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of a whirling table. This has been done in connection with the laboratory testing of acc&w-
ometers an-dgyro turn indicatom.

The vibrations of an airphme instrument board have been observed tu consist mninly. of
torsional vibrations in the plane of the board. They can be reproduced in the laboratory by
the elastic suspension of a structure carrying an unbalanced motor. Such devices, capablo
of regulation, are described in Report hTo. 126, Part I; Report No. 127, Part II; and Report
IVo. 129?Part II. Vibrations may obscure the reading, shift the reading, or causo progm~ivo
changes in the mechanism of an instrument. Most instruments also show leas hysteresis (hg)
under vibration than when tested on a stationary support. Such tests riro particularly im-
portant with new types of instruments and should be run for an extended period.

The abwlute amount of time elapsed during any given ptirt of a flight is an essential fticto’r
when the instrument is subject to irreversible effects, such as temperature lag or elastic lag.
For tha exact determination of the errors of an instrument in such case-s, the same variation
of temperature and instrument reading from moment_to. moment which occurred during the
flight must be reproduced in the laboratory, This is known as a flighLhistory tostt,and althcmgh
difficult, has been found necessary in establishing competitive altitude records. Short-cut
methods for discovering the magnitude of these irre.ve~ible effects in instruments based on
elastic aotion are the observation of drift, hysteresis, or after-effect. Theso twti are explained
in the paper on altimeters and barographs, Part I of Report No. 126, but are equally applicable
in prinoiple to other instrumen~.

Besides the foregoing physicaI problems, an interesting field is offered for efficiency engi-
neering in the development of appliances for testing a great quantity of instruments aind-
taneously, and in p@ectkg the procedure for recording and computing observations with a
mtilmum pay-roll.

pEoBLEhrsoF lNSTALLATlON.

The probkms of. installation are hardly km important than those relating to tthodesign
of the instruments themelves, because a good i@wmant can be made ineffective by improper
location or faulty connections.

The force element of typic~ instruments, referred to above under tho head of mechanical
desigg, consists of two parts, the collecting or receiv.jng element and some elastic system.
In general these. two parts are connected by long-dktance transfitiona (wires, tubing, or
shafting), but in particidar ca-ses the two parts are consolidated. Table III shows the usual
arrangement of the receitig and indicating ele.menti for the more familiar instruments. ‘I%o
modern tendency is. toward the separated type, partigylarly with large aircraft.

TABLEHL-Iadalkrtion of rmiiing and indrkting4emW8.

CdIdeted.

—. separated,
Remot&

~ “

: Althnetariand bammphs.
Statoeqms and reteof.cllmb IndlcetorS. Stnr

I k%i%%K%’m%&iAwQm. %&nelnomewr,
airspwd indicators.

! MostCKIIIWS.WS end tru’nUdhtora. c- -pm.
AW1801ltlCICICn”W, skh si!fJ and YEIWnletcm
Bsmkvg remote Indketingoompsw

‘rimePiecee. OmdhO lmlt @ugea.
Wtr.rdcfrken turnIndicutor.

Fkible shaftend electrictarhometors.
Radiatorthermomokr%

i
1’

Hydrcdatlo and efadrfemdhro gauge%.— 6t&tlchead turnIndicator,

Problems of installation can be investigated from the standpoint of the receiving elcmen~,
the longdistance transmission, and the indicating element. Compisses, for example, may be.
in serious error unless the magnetic element can be separated and placed su~ciently far away
from the engine; likewise the pressure head of an air-speed indicator might as well be left off
entirely as ta be installed too close to the propdler sIip stream. These difEculties have Ucen
analyzed by Prof. S. Herbert AndeiSon, in a recent discussion of aeronautic instrument.i

1Trans.Am. Src. MA. Ens., @ 107-M9,IWO.
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Again the ditllcuIties of Iongdistance trammie sions arethe tendencies toward time lag, excessive
weight, and breakage. The breakage dit&culty tias particularly noticed in France with radiator
thermometer capillaries. A great proportion of the planes sent back from the front for salvage
at Romorantin were found to have these broken transmissions. It -was conchded that in
many cases the b,reakageoccurred through delicacy of the fine metal tubing, but that in numerous
other cases the mechanics had cut the tubes as one would cut wire with the intention of soklering
them together again. Breakage of tachometer shtits occurred through stresses caused by
sudden twist~m. Air-speed indicator tubing proved diillcult to keep intact, whiIe it is vmII
known that the hydrostatic Iongdist.ante gasohne gauges were abandoned on combat phmes
because of fire risk and loss of gasoline caused by exposure of the tubing to guntire.

The study of best location for indicating elements leads to the ge.ieral question of instrument
board design. The instruments must be so placed, without mutuaI interference, as to offei
the greatest can~enience for the pilot. This is not easy with multiple engine planes where
each of the power-plant instruments has to be repeated from two to four times. The problem
is still more diftlcult in relation to visibility at &uht. Three phms ha=rebeen tried for artificial
ilhunination of instruments. One of the earliest was to provide small incsmdescent Iamps
underneath translucent dials. The plan most extensively foIIowed during the early’ part of the
war consisted in the use of luminous paint. The requirement-sfor satisfactory illumination by
this process are complex and ha~e bea ffly investigated by Dr. N. E. Dorsey2 There was a
tendency to provida too great lun@sity, which was found objectionab~e by many pflots and
night bombers. For observation of the landscape the naturrd sensitivity of the eye at r@ht
has h be reIied upon, and this was destroyed by the ghre from the luminous paint, even in the
case of dials seemingly capable of giving out ordy the very fainkst glow. The demaud conse--
quently arose for small shielded incandescent lamps adjacent to the respective instrumefih,
which could be put on and off at will.

?&my f@her probIems have-been considered regarding instrument board design, such as
thd development of antivibration boards; the construction of a curved instrument board with
dials norrd to the Iine of sight; while the possibility of thermostatically maintaining a constant
temperature for the instruments by the use of a circuIa@g fluid bath has been considered as a
means of eliminating temperature errors. This last expedient ~cht have had the advantage
during the war of speeding up the supply of instruments by eliminating the test for temperature
compensation.

In gened the further investigation of installation improwments ie very much to be desired.

PROBLEMSCONCERNINGTHEUSEOF INSTR13M2NTS.

For best results in the practical use of instruments, attention must be given to their proper
adjustment and care, to the application of the necessary corrections, and to the proper inter-
pretation of observations.

Instruments must be adjusted where possible to read zero when not in action. This is
important especially with altimeters at the start of a flight; otherwise the altimeter will be no
heIp in making a landing. Instruments which are not adjustable should be read at the shmt
of a flight. For this reason instruments provided with staps, as is wry common with pres-
sure gauges, are objectionable. In such cases there is no way to tell, before operating an in-
strument over its Scalel whether it is in working order or not. Instrument should be tapped
before starting to see that the pointer swings freely, md all connections looked over, tub=
being tested to see that they are not p@ged. Such det-iils wilI be brought out in the sepa-
rate pape~, but it may be stated in general that the most important precaution to secure
accuracy is to make sure ,that the instrument in we has been recently given an authoritative
Laboratory test.

*Report No. X$ IWiond MTIWY Comn.tikteefor A.etonautics, Ml AllIlud FLepat.
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Corrections may. be divided into two classes, theoretical amd instrumental. The theo-
retical correction is the amount which would still have to be applied even if the instrunmnt
were mechanically perfect. For example, the usual altimeter is subject to correction for the
temperature of the atmosphere, an itqm whigh is oftentimes forgotten though it may readily
amount to a thousand feet or more. Similarly the air speed meter has to bo corrected for the
density of the atmosphere” and the compaw for the departure of ma.gnctic north from trtm
north. Instrumental corrections, on the other hand, have to be discovered by laboratory test
in comparison’ with “a suitable standard. The instrumental corrections might well bc noted
down in tabular form on a emdl card placed beside each instrument in front of the pilot. This
practice is already quite common with compasses. ‘

The interpretation of observations, after the necessary corrections ha-i-c been applied, &-
ponds on the object sought; this subject. & quite fqlly discussed in the p8per on navigating
instruments, Report BTo.131.

PROBLEMSOF MAINTENANCE.

Instruments which are satisfactory when used the first time may not remain so iudcfinitoly.
Attention must be given to questions of inspection, calibration, readjustment, and saIvagc.

The instrument equipment of aircraft should be reguhwly @potted by expwte who are able
to tell at a glance whether anything is wrong, If any derangement is &scov&ed, tha inatru-
ment should be plainly marked, “Out of order,” and, of course, replaced when possible, Some
of the defects which may be discovered by ground inspection are the foIlowing: lhilum of
pointer h- read zero; failure’ to. vibrate readily when vigorously tapped; bent or loose pointc.r;
dial in wrong position; cover glass cracked; illumination out of order; connections broken;

leakage from liquid-filled instruments.
In addition to the periodical inspection, instruments shouId be specially inspected tifter a .

crash or transportation, and before starting on any important flight. And besides such records,
obtained by regular inspect&, a record may profitably be kept of troubles reported by the
flyers thmnselv.es. These reports will furnish raw material for important scicntiiic study in
the future, regardless of yhether the troubles reported are,genuine or only psychological.

At long intervals instruments should be detached and tested in the laboratory as a matter
of precaution, even if no troubles have been ieported either by the pilots or inspcctars. I

~ The reason for this is that serious errors may accompany the full scale deflection of an instru-
ment, even though nothing is visibly wrong on the ground. Such changes of calibration often
arise from deterioration due to continuous vibration, the presence of dust or rust (tlm lattcr
especially on seaplanes), and even from true progressi~e changes in the qwdity of the conetituent
material. These last, which are known as secular changes, may become appfircnt semral ycmrs
after the instrument has been manufactured; they ha~e been demonstratrxi to occur not wdy
in materials like fabric and rubber, but also in metallic diaphragms and steel springs.

Such calibration tests need not be as elaborate as thosa originally given, It is usually
sufficient to determine the correction of the instrument at two points-the zero puint and one
point near the end of the working range. The temperature test, if it has really bean mwlo
once, need not he repeated on this occasion, From the two readings taken an approximate
percentage correction factor is available, although an a-rerago factor, bused on a completo
set of observatiom~ is still better.

lhdess the percentage correction is small, the instrument should be readjusted. ‘l’his may
at times be done sufficiently well by. merely shifting the pointer; at other times it wiil bo ncma-
sary to alter the movement internally, which should not be undertaken without expert knowl-
edge. If only a small correction has been found, it is better to let iL go m issue a correction
card, for small mechanical readjustments are liable to slip back again or otherwise change
during the next flight.

Instruments which are broken need not be discarded. If the original manufacturer is
unable ta handle repair business, the service should maintain some central salmging station,
equipped with expert. personnel and facilities for such work. This was found to be a mry
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necessary function of the supply services in Franca. herican instruments were salvaged at
Colombey-les-beIles and at Romorsntin; ”British instruments were sent back to Farnborough,
where at the Royal Aircraft Establishment instrument saIvaging was done on a very Iarge
scale in the most”scient.iticmanner.

The saIvagtig problem cunsists of taking a certain number of damaged instruments and
reassemlding them to provide a smaller number of good instruments. The percentage of instru-
ments redeemed will, of wmrae, be increased if, in addition to the wrecked instruments, spare
parts from the factory are also kept on hand. The readjustment of the resulting instruments, %
inchding temperature compensation, forms an important part of the salvage problem. A

–,

further study of scientific expedients for quickIy msl@ the necessary adjustment and preserv-
ing a uniform scale ought to be serioudy taken up.

.—
Some inafmunents are bettw adapted

than otliirs for readjustment; hence since it is the destiny of every instrument te be eventuality
readjusted, this consideration should be given some weight in seIecting instruments for purchase.

Instrument salvaging is not only one of the essential problems of maintenance .of equip-
ment, but the tabulation of the defects thus brought to light should be of great scientific value
as a basis for the future improvement of instruments.

PHYSICALRESEARCHPFtOBLEMS.

The foregoing generid probleias have been taken up more or Iess in chronological order.

Fret, an instrument has to be designed, and then it has to be manufactured, and so on slong
the line. This sequence begins and ends with the subject of physical r~earch. Rational
design, spoken of at the beginning, is an application of whatever physical laws and data are
available at the time. Instrument development can not progress indehitely without further
instalhnents of such research results.

Among the applications of physical research discussed in the subsequent pape~ are the
following: Design of elastic system of precision ahimeter; theory of bimetallic temperature

.—

compensation; compensation for regular acceleration; determination of the minimum number
of data needed for Wining the behavior of instruments with rmpect to imperfect elasticity;
development of rate-of-climb indicatom with ~mh sensitivity and small lag; theory of dynamical
ground speed indicatom without mechanical integration; theory of the motion of a spinnirg tap
in an airplane going around a bank; design of a new type of gyroscopic mechanism with experi- . .
mental determination of the requisite data ORfriction; and the development of an absolute

—

method for test~m oxygen apparatus without the need of flovv-meter@ devices. Some of the
more general problen@ along which, in the interest of instrument development, further progress
is to be desired are: The laws of soLidfriction; fluid dynamics; synthetic development of liquids

.—

with a minimum temperature coefllcient of viscosity; development of alloys having a minimum 1

change of elasticity with temperature; and a more complete determination of the Ia-ivsof ehwtic.
hyster~is. —

No field of practical work couId therefore be more fascinating to the student of theoretical
or experimental physics, or more completely dependent on this branch of science, than that of
aeronautic instruments.
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ehiffehrt, 15, Nr. 5, 7. 3Mrz 1911:22-23.

hEILm”GRN DES L ~BAU ZEPPELIN. L DLE EEIJITTELUNQKY DEK 3.COMENMNJIXEtGENQEeMIWINDIG-
ZEITEN VON L-AHRZEUQEX arm Hur~ DEE PITOTSCHENRtkum. A. Frhr. V. %rlen und (-1. Dornier, Zeit-
schrift f Ur Flugkknik und MotarluftechMslmt, 2, I%. 19, 14. Okt. 1911: 241-2=%.

llh ANF%I-BUSSOLE. tin., Oesterr. l?l~!kit.whrift, 5, Nr. 1,10. Tan. 1911:20.

NAVIGAmON 3frrrma Drrmvmcms. H. Boykow, Zeikckrift flir l?lu@echnik und MotirIuftsckiffahrt, 2, Nr. 11, lG.
Juni 1911:145-147.

DIE OEIEWXTERIJWBFHAGE. bon., und “Orion,” ein neuer Ausvrertungssppsrst filr setronomische Ort&atimmung
in der Luft und auf dw .%. E. W@pich, Der Motirwwp, 14, IW. 10, 10. ApriI 1911:224-227 u. 227-228.

INSTEUXEhT am G~ -v Auswmkom ASTEONOMMWHEEPOSiTTONSEEWiTWMUNQEN XACH DEE fh%ND~lEX- *

METEODE. A. B~ Imf&chiffshrt, l?l@echnik und Sport, I%. 24, 3L August MUI; such Deuteche Zeifacbrift
filr LwfkwMf&lIrt, 15, Nr. 17,23. Aug. 1911:13-21.

ErN BEITHAG zun ASTHOr?OIJXSCHBN C)RTSB~MUNG xrr DE~ VOIGreCHEN INSTECMENT. W. Hormel.Deu&he
Zei~ ftlr Luftschiffshrt, M, ?fr. 5, 7, Miirr. 1911: 1AM.

.4eTHo~o~rBcHE! OBTSBESmUNG rM LURTFAHBZELTG. o. vO@lt. VortrsgVom. 14. &m. 1911.

ASTEONOXE!UEEAEEONAVIC+ATION. Anon., hem FIug-Zeitdrift, 5, Nr. 15, u. 16, 10 u 25, Q!@ UUl: @3406. u. “
—.—

430-432.

BEHERK~GBN ZUE km.oKo~zN ORTSBES~UNQ m LUPPB~

—

uc+. Mexcuse, Deutie Zeits&riftf~ Luft-
whiffahrt,15, I%. 24, 29. N“ov. 1911:24-25-

PEAKTISUHE FLUWSTN+NAVIGATION. H. E%ykow, Zeifechrift f Or FI_k uncl Motorhftdifhhrt, 2, Nr. 5 u. 6,
11. u. 24. M&z 1911: M-63 u. 77-79.

.hEONAVIGATIOX. Ems Boykow, Oesterr. Flug-Zei- 5, Nr. 1<25. Jrdi 1911: 97+976.

TEE AEEm AGE. WzIter WellmsIL A. R. Keller Co., Xew York.
.

1912.

BW,ONVSOMBTER. A. Beetelruej-ar,DeutwheLuMshrer-Zeifschrift,16,Nr.%, 11.D=. 1912:615.
ANEEO~VABIO~RZUHF=!STELLUNGDEEV~R~~ESCHWrN=IIGKEITmrFEEm-~. G. Ton dernBorne,

Deutsche Luftfabrer-ZeitschrM, 16, Nr. 22, 24. Okt. KU2: 538.

BALLOK-THEBMOWSTEB. O. Ebembsch, Der MotmwsgmI, K, N. 33, W. Nov. 1912: 767-76%

GESCEWINmXGKEPrMfI== UXGEN TOE L=~Ex. E., Der Motorwsge~ 15, Nr. 12, 30. April 1912:314.

THEOEIE szrNEsWrtmscmi BIBEES. G. von dem Borne, Zeiteckift for Flugtechn.ik und 3fotorIuftecMffshrt, S, Nr. 20,

2J3.Okt. 1912:261 u. 264.

Em 131NFACHEBY!7mrmmrcrrscrrmmn. G. von dem Borne, Zeikhrift fiir ~ugkchnik und Motarlu.fkhiffabrt, 3,
Xr. 14,27. Juli 1912:188-189.

[TEBZE KOMPASSE fiE I,umT~EuGE. G. Gel@off, Deutie Luftfshrer-Zekwhrift, 16, W. K, 24. JuU 1912,

36%370.

EIN NEUER KOMPMS rthz FLUGZEUGE. H. TI. KiAringer, Deutsche Luftfskx-Zeitdrift, 16, Nr. H, 29. W 1912:

m-m?.

DBH KOnMM nr FLUGZHiG. R. Topp, Der Motorwegerq 15, Nr. 35,20. Dez. 1912: W9-W3.

TACHOMmEFLF5E FLurzmmmr. bon., FIugapor$ 4, Nr. 22, 23. Okt. 1912:832-833.

Ox @BOSCOPIO (hCULLATIONS. ~. S. Fmnldin, Phys. %V., 34: 48-5?, 1912.

..__

. ..-
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UEBER EIN NEWER INSTRUMENTFOE ERMITPLUNGDEB STEUERWINKELSUNDDEE EESULTIEEENDENGIHWXWtNDIOKET
BEI FLUGZEUOE~ UND UEBER DIE.AIJWENDUNGrum NOXOGEAFXIE fiR USUNCJ SOLCHERAU~GE~EIJ. . ~. ~oet-
ken, Deukiclw Luftfalrrer-Zeitschrif~ 16, Nr. 24,27, Nov. 191.2:577-530.

INSTRUMENTZUB GEAPEUSCHENAUSWERTUNGASTRONOWRCHERI’OSITIONS-BESTIMMUNGENNACHDEE STANDLINIEN-
METHODE. A. BrilI. Frankfurt a. M., 1912, Hartmrmh & Braun.

INSTRUMENTzuti AUSWERTUNG VON GESTIEN8H8H~NBEOBAOETUNQENIN DEE KARTE. A. Wcdcrneyor, zeitschrift
fttr Flu@chnik und Motarluftiffahrt, 9, Nr. 1,13. Jan. 191.2, S. S/5.

ASTRONOMISOEEOBTSBESTIMXXUN~EN arm BESONDEFiEEBERflCX#IOH?I@UNGDEE LUFTBCHWAHET. J{’. L@k. 8°. . .
S. 130. Leipzig, CJRIle u. Meyer, 1912.

ABTBONOWSCHB ORTSBEeTIMXUN~EN xrr HILFE VON NOHOGRbMAIEX. W. Leick, ZeikwhrifL fllr I%gtcelmick uncl

Motorluftschiffahrt, 3, Nr. 17, 14. Sept. 1912:.230431.

ZUR FEAQE DER OETSBESTIMWNG NACHFWTERNEN m DEM LIBELLENQUADRANTEN. S. V. Kolbo, Deutie Luft-
fahrer-Zeitechrift, 16, Nr. 5.6. Mtirz 1912:105-106.

EIN LI-EELLENQUADRANTm NEWER FORM PtiE ASTEONOXWCEE OETSBESTIWUNQEN (ZAHN OCfEN-Ht!HENHESSER).

-.

AE. Hartmann, Arms.len der Hydrograpbie und Maritimen Meteorologic, 40, Nr. 9, 1912: 6-488; auclI Deutsc.lm
Luftfahrer-zeitechcifq 16, Nr. 20,2. OkL 1912: 495+196. .

ErN LIB~LLENQUADRANTIN NEUEE FORM PtlR ABTEONOWSCEEOETSBESTIMMUNGZN. IV. Lindt, Deufscho Luftftkx:
Zeitschrift, 16, Nr. 11, 29, bfai 1912: 273-274; ferner Annakn der Hydrographies und Maritiroen Met.owwlogie 40,
Nr. 1, 1912.

OEIBNTIEItUNQUND NAVIGATION H LU~TFAHEZEUCA H. Boykow, Deutwhe Luftfalner-Ztitsclmift, 16, Nr. 22, 24.

Okt. 1912:530-534.

MMTEILUNQEH DES LUFTSCHIFFBAU ZEPPELIN-FRIEDRICESHAFEN. V. TZMPERATURXIrfMUIiQEN .DES lWLLQASE8
UND DEE Lum rbs =CHIFF UND DEREN BEDEWUNG FilE DIE IMHENNAVIQATION. Gludd u. Flu. V. Sodeu,
Zeitschrift ffir FIugtechnik und MotcrIuftschiffahrt, 3, Nr. 7, 13, April, 1912: 97-1OL

1913.
.

The hf EA8UIZEMENT OF TRUE STATICJPIUMSUEE ~ A ~ov~G ~lJu~AppL1cAVoH To AH AE~o~LANY BARouRAp~.
A. I“. Zahm, Journal of the Franklin Ititute, v. 175,503-509, Jan., 1913.

ANItROmVARIOBrETERZURFEfJTSTELHJN@DER VERTIXALGESCHWINDIGXEITM BALLOON. G. von dem Borne, ~stcrr.
F1ug-Zeitschrift, 7, Nr. 4, 25. Febr. 1913:91.

ENRBQRVFREXENTDE LA VITXSSE RELATIVE DEEAEriOPLANES. A, Toumaint et G. Lep&e, BuI1. do l’InMitut A&c@eh-
de I’Univ. de P&, fast. 3, 1913. -.

EXPtiRIENCES SUE L’AJUTAQE DE VENTURL A.’TOUSSAINT ET G. Lep4re, Bull. de I’Institut AerotecL do l’UniV. do
Pal%, fssc. 3, 1913.

DER LUFTGESCEWTNDIGIiEITSIrESSERDER SIEMENS UND HALB- A .-G. (VOIWXAG). H. Gerdien, VcrhsmlIungen dcr
Geaselschaft Deuts.clwr Naturforacher und AIzte, 85. Vemammlung ZU TWen, 2. Teil, L H31ftc, 1913:234-238.

PREISAUSSCHREIBB~ FttR EXNENWrTITBEWEEB tm EINEN AUFZEICHNENDENBESCHZEUNIQUNGWESSER FUR FLIJG-
ZEUGE. .4non., zeitschrif~ fhr FlugtecIrmil und MotarlufhcMTalwt, 4, Nr. 14,26. Juli, 1913:199-200.

‘~HE THEORY OF THE EARTI+ INDUmOR AS AN INCLINOMETER. N. E. DOIWY, TCWCHtriSI~%ne~~m Ct Atmwherir
Electiaty, 18, 19f3; 1-38.

BE~ERKtINGEN zu DE~ BEENCKT tiBER KWPMS-BEOIIACHXUNGEN w LUmSCHIFF “31ANsA.” Karl J3am~erg,
Zeitschrift ftk Flugtechnik und 3fotorluf WArt, 4, Nr. 21,16. Nov. 1913:292.

ZUR DXMPFUIWWRAGE BFJ LUFTFAHRZEUQKOLCPASSEM.H. E!oykow, Zei!echrift f@ Flugtechnik und Motarluft-
echiffahrt, 4, Nr. 18, 27. Sept. 1913: 248-260.

BERIOITrtiBERKO?dPAeSBEODAC~UNGEN cd LUPTeGHrFP“Hanea. !I Meldau u. J. lfwer, Mitteilungen da LUfteclMTbwl
Zeppefin. VIII. BeRrcmT UBEE ASTRONOXISCHE UND kf..AQNETLSCHEORTeBEsTrbIHuNGBvrmeuoHE AN BORD
DEe LUFTSCHIFFECI“Hariea,” J. ?dt!ller, Mitteilungen des Luffachi~au Zeppelin, IX. Zeitschrift ffh FIugtcchnik
und Motorlufteckdi%alwt, 4, Nr. 18, 27. Sept. 1913:243-245 bezw. 245-246.

UEB~R BINEN NEUER KREISELXOXPASS. Th. Bruger, Jahrbuch der Wkwwchaftliche Gesellschaft fOr llugteclrnik
(his 1914) 1, 1912-L3. BerIin, 2. Lief., 1913:126-129.

DER BEfi”EIt SAUERSTCZTErN SIrIX@N BEZIEHU.NGENzun LWIZAERT DRXQER-HEFTE. I. W. HmSpe, Nr. IL ~lfi
1913:81, S4-87.

ERMrTTELUNQ DER NAVIGATIONSDATENw LuFTscmm. H. Boykow, zeitectit ffir Flugtechnik und Motarluft-
acMfahrt, 4, Nr. .20, 25. Okt. 1913 :273-279.”

---

LUSSERUNG zu DIXJ AUSSATZ DES HERRN DR. H. H. KRITZXNGER zrm TEEORIE DES LIBISmENQUADEANT~N: V.
Kohbe, Deufsche Luftfahre~Zeitechrift, 17, Nr. 10, 14. Mai 1913: 2S6.

ZUB THEOBIB DES LIBELLSrNQUADBANTEN. H. H. Kritainger, Deuteche Luftfahrer-Zeitschrift, 17, Nr. 4, u. 10, 19.
Febr, u. 14. Mai 1913:85-87 u. 236.
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“LIBELLENHOSIZONTUND LIEELLBNSE=ANT. K. Schwarmcldfd, Zeftdrift fti Fh@eclmik und Motorluftechfffahrt,
~ Nr. 13, “lZ. Jfi 1913: 177-w.

STEICVZErILTI+ANSXCiIUtATOE.A. Schfit.ze, hnalen der Hydrogmpti undUaritimenMekmdogie,Febr.1913.
ORT-UNDZEnBESMUWIWBN.Grosse,DeutscheL~-!&itschrift, 17,Nr.10,14.MaiMls: 235-236. .
wlssmso~ CHBhWrrI!WENTE. Anon., Deutscha Luftfahrer-!&ite&mift, 17, Nr. 5, 5. * MM: 103-114.
EIWE ADSSTELLUNG VOFJMMSAM=TBN. IL IVacbsmuth, Jahrbuch der Wiinschaftiche Geee&h& fllr F@-

technik (his 1914) 1, 1912-13. -&r@ 2. Lief., 1913: 133-15L

PHYSCUIJSCHE Uwrmtsucrmmcmx nc FR~IEUON 1. A- l’i’@nd u. G-. Lutze, unter ~tarbeit von E. EverIing, und
G. Jenrich, Abhandftmgen der Naturforiwhenden GeselIschaft. HaIle a. S. n. F., Nr. 2, 1913: S9.

L~SC=FNAVTGATIOIJ IM NEBEL. H. Boykow, ZeRkcluHt ffir l?lugteclmik tid 310torIuftscbiffahrt, 4, Nr. 15, 16.
Aug. 191.3: 206-.Kkl

1914.
—

THE TESTIIW OFBAHO~BS. Bureau of Standarda Circular No. 46,1914:12.

EIN FLUQGESCHWINDI~KEITSMESSEEtu LUFrDRUOK U-ND‘J!BMPBEATUHKO~ENSATION. G. Fuhrmann, Jahrbuch
der Deutwhe Verauchsanstrdt fdr Luftfal@ 1, EW2-13. Berlin, 1914:232-236.

Em APPAEAT ZUR UNTERSUCHUI02DEE ~INDSTEUEYUE (&~O~OQEAPH) DER %EXENS UND =LSm .A.-G. H.

—

Gerdien, Jshrbuch der Wkmschaftliche Gesdkhaft f ftr FIugtechnik (his 1914) 2, 1913-14. Berlin, 1914, 1.
Lief., 67-78; %an: 7!3-80. .

PIUUSAUSSCHEEIBBNtiE EXNENWETrB~EB m ELNmi AUFZEICHNEIiDEIi B ZSOHLHUNi~UN~SMESSERtirt FLua-
ZI$UGE. (R&sner), Jahrbuch der’W&nschaftIiche Geseflschaft filr FIu@echn& (k& 1914), 1913=14. Berlin, 1.
Lief., 1914: 31+. ‘

—

DISCUSSXOI+OF THB ACTION OF DmESENT TTPES or b SPEED IRDIOATOB. L. Bairetow, British Adv. Corn. fm
Aero., 1913-14: 461-!66.

MIWmES SUR &BOP~LI EN VOL AU ?JOYBIJ D’kAE~ EIUtEQISTRIZURS. A. Touwiiin~ G. Lep&e & Gouin,
La Technique A&cmsutique, Mare 1, M, et Avrif I, 1914.

RECHEECHKS~~P.IMXNTAM SUB LES MOULINETSANtiOtiTHrQUHB. M. C. E. Brazfer, Andes du Bureau Central
M&.4oroIogique de I?mnce (m4nmiree).

~-Eu~ AUFZZIC~E hAFrMESSGI!ItZTE mm ~IQm WtasmNmw m FLUGZHUG.

—

‘W. Hoff u. F. Bendems~ Zeit-
schrift flir Fl~ und lfotorlufkhiffahr~ 5, Nr. L u 2, 17, u 31. Jan, 1914:3-5 u. 17-22.

FLUGHtCHrUNGSKOMPASS,SYsrzM WtiE. Gustav E. MachoIz, dd.err. Flug-Zeitscl@ 8, Nr. 3-4, Febr. 1914:
42-43.

GnOSTATS - GYSOSTATTCACTIOX. A. Gray, Stithmriian Report for 1914: 193-20S (PubIicstion 2327).

REPORT ON GYEOSCOPICTHEOEY. GreenMl, BritidI Adv. Oom.forAero.Reportaand Memos.No.148,1914:277.
Dm RKPOQEAPH. R. Katzmayr, ~sterr. Flug-Zeifachrif~ S, Nr. 22-23, L Dez. 1914: 36&361.

PHYSrmmK?HE UNTEBSUOHUN61WIN FEmmLLON II. G. Lutze w E. Ev- uter Mhwbeit von A. W@nd
u. G. 3enrich, Abhandlungen der Naturfwachenden GeeelIechaft. HalIe a. S., n. F., Nr. 3, 1914:79.

.
Bmmmr DES A uaacmuissm tirt lWsw=EK. hhrbuch der Wkeenschaftliche Ges.effschaft fiir Flu@chnik (bfe

1914) 2,3. IXEL,191314 %234236.

KmmscEER B-CHT DES PEfiD-NWAUSSCHUSSES mm BEDETEILUNQ YON EEFINDUNQEN. v. PamevaI, Jahrbuch
der N’&enschaftIfche Gesellechaft fti FIugtechi% @is 1914) 2, 1913-IL BerI@ 3. Lief., 1914:193-195.

1915-16.

ANEEOm BUO@RTZR INVESTIGAmONS. M. D. Hersay, Phys. Rev., 6, 1915:75-76.

INVESTIGATIONOF PrTOT TUBES. W. H. HemcheI (Pt. 1) and E. Bd@ham (Pt. H), Report No. 2, Nat. Adv. Corn.
for -kero., I%st lhmud Report, 1915:77-110.

Ko~PusT&MI_NmN m NEBKL. Wilhelm IWbe, Der lfotorw~~ 18, Nr. 1, 10. Jan. 1915:12-13.

REPORT ON THE ACCURACYwrrH wmcm TEE T=EW~B EEEOEE m DETE~IN@ HEK+ETS BY TEN BAEOWTEE
MAY BE CORRECrBD. G. I. TayIor, British Adv. Corn. for Aero., 1915-16:576-578.

CAUEEATION OF TUBRANEMOXE~EES AT HIGH Vmcmrss. J. R. Pannell, British Adv. Corn. for Aero., 1915-16:
629-533.

Ori SOMEPROPOSED ELECTSICA~METHODSor RECOHDmCIGAS FLOW m C’NMTITIWSAND PIPES-BASED ox THE LINZAE
HOT WmE ANEMOMETER. L. V. -u, Journal FrankIin Institute, Aug. 1916:191.

GESaHWINDI~KEITSMIZSSIiUtrtht FLUGZINTGE. hon., Mitteilungen des IL IL ~sterr. AemCIubs 1916; abgedruckt
im BulIetin dea fkhweia. Aero-Olube, Okt. 1916: 152-154.

ZD-E Gnacmwmm I(l~SMESSUNG ~ LmrPUEZIZUCL hon., Bulletin d= Schweiz. Aero-CIuhs, NoY. 1916:162.

THE MAGNETZ(ICOMPASSFOIi-k NAVIGATION. Oreagh-Osbome. Glasgow, James Brown& Son.

—

REPOET ON mm EEEOBS OBCOMPASSESON kmoPmw. K. Lucae, Britieh Adv. Corn. for Aero., 1916-16: 554566; —
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COIIPABSDEVSATIONm“-AIHCnAFT, British Adv. Chin. for Aero., 1916-16:533-536.

COMPASS DrmAmo?J DUE TO VIBRATION AND FRI~ON. A. Msllco, British Adv. Corn. for Aero., 1915-16:536-533,

COMPASS DEVIATION DUE TO VIBRATION ‘iVrTHouT FIUCTTON. G. GreenhilI, British Adv. corn. for Aero., 1915-16:
639-553.

ON A NEW TYPE OPMAIJITETIaCo~PASs E’011USE ON AEItOWIW. K. Lucas, British Adv. Corn. for Aero., 1915-16;
667-575.

ELEKTEISOHES FERNTHER~OWTEE ZUE MEESUNQ DER KtiHLWASB~R-TZMPBRATUR rN E~PMMUONSBiOTORBN,XN
I?WW-ZEUGEN UND AUTOACOBmEN. Otto Huwm, ZeitBchrifL ftir Flugtechnik und ?dotmhdtschiffahr~ 7, Nr,

7-8,29. April 1916: 4!%60.

EINE VEItE~AO~E ATWJNQSMASKIIPUR FLUGZEU~E. E. Ever@. Deufsche Luftfahrer-Zeitechrfft 20, Nr. 3-4,
Febr. 1916: W-36..

THE OSCILLATIONSOF AN AEROPLANB m FIW+wr. K. Lucas, Britieh Adv. Corn. for Aero., Report, 19M-16: 287-277.

Gmmu SPECIFICATIONSFOR AERONAUTIC INSTRUMENTS. Report No. 8, Nat. Adv. Corn. for Aeronautics, Second
Amual Repor$ 1916:25-28.

1917.

AEELA~ NAVIGATION ov~E WATEIt. Elmer A. Sperry, Trsns. Sot. Automotive Engs., Sec. 1,1917: lfi3.

CREEP ERRORS m ALTIMETERS DUE TO HYSTERESIS. T. G. Hull, British Adv. corn, for Aero., Repor~ 1916-17:
668-670.

A BAROTHmMOGZAPHYORUsE OH AEROPUNRS. Aeroplane Tinting Squadron, British Adv. Corn. for Aero,, Report,
1916-17:673-674.

A RATE-OF-CLIMB INDIOATOR. Commanding Officer, Testing Squadron, Royal Flying Corps, Britieb Adv. Urn. for
Aero., Report, 1916-17:699-701.

A METHOD OF MEABUmNQ THE SPEED OF u AEROFLANE AT-A HEIGfi. Canunandant, Central Flying Station,

British Adv. corn. for Aero., 1916-17: 74+761.

DIE MESSUNQ VON FLUQZEUQQESCEWmDI~KEITBN. E. Jacobi. Technkche Berichta der FIugzeugmefsterei bezwi
H, Nr. 1, 20. Dez. 1917: 9%110.

‘BEHAVIOUR or LrrvELs ‘WHEN SUBJECTTO VIBRATION. A. MalIock, Britih Adv. Corn. for Aero., Report, 1916-1?:
671-672.

TEE NOETHEBLY TURNXNG ERROR OP THE MA~NEmO CO~PASE. l?. A. uhdemann, Britih Adv, Corn. for Aero.,
F@ort, 1916-17:678-698.

.-

TUBN INDIOATOEISFOR A~ROPLAIiES. F. A. Lindemann, British Adv. corn. for Aero., Reports and Memoranda, No.
525, Dec. 1917:1-8.

TAOHO~ETER amr ABLESEVORRIOHTUNCI. ‘Wilke, Zeitachrift dti..Ver@nee deuticher IngetieW, 61, 91. ~f~m 1917:
2$7.

A PETROL FLOWMETER roR u~~ ON AEROPMNES. AeropIane Teem Squadron, Brftfah Adv. corn. for Aero., Report;
1916-17:675-677.

FIOSSBNDRUCEMESSUNQEN. E. Everling, M. IkM und E. Siebar, Technische Berichte tier FIugzeugmeiskef bezw.
der hepektfon der Fliegertruppen 1, Nr. 6, M. Okt. 1917:302-312.

VOIWXUFIGESEIU3EBNUJDER VEHSUOHSFLflQEmr DER MESSNABE. E. Everlfmg, Techrdsche Berichte der Flugzeug-
meisterei bezw. der Inepektion der Fliegertruppen I, Nr. 2, L ATriI 1917: 54-56.

ALTITUDEAzrMuTH AND HOUEANQL~ DIA@RAY. G. W. Llttlehsks, Proceedings U. S. Naval Irid., Nov. 1917.

DIE PHYSIXALIBOHBNGEUNDLA~ENDER H6HENNAVX~ATION. K. Bwue. Mfinchen,1917.
DABVERHAI.TENDESFLUGZEU~ESm FLUGE..E.Everl@ undw. Zabel,TechnfscheBerichtederFlugzeugmekt.erei

bezw.derImpektionderFlkgertruppenI, Nr.6, 1.5.Okt.1917:913-318.
DE MESSUNGTON FLUC+LEISTUN~ENIN ENGLAND. E. EverIing, Zeitschrift f ftr Flugtechnik und Mokwluftschiffabr~

8, Nr. 19-20, 21-22 und 23-24, 27. Okt., 29. Nov. u. 29. Dez. 1917: 1.5+155, 163-166, u. 182-165.

DAR WESEN UND DIR EIQEIWC=EN IIEE RADIOAKTIVEN LEUCHTFARBEN. P. Ludewig, &terr, Fiug-Zeitachrift,
11, Nr. 1-2, Jan. 1917:23-24.

.-

DIE SKALENBIBREOHNUNQZUM DE~CHEN BOMBENVISLERFUR FLU~ZEUaE. O. Prochnuw, Technische BericMe der
F1ugzengmek@@&zw.derhupektfonderFliegertruppen~, Nr.l? 20.Dez.1917:135-141.

1918.

AMTMftTRES A CADRANa_ET BAROXhTRES ENRECUSTEI?UES. Gourdou, Bull. du S. T. A4ron. No. 4, SeptemIme.

- FEHLER rN DEN ANGABEN VON ANEROIDBARO~ETERN. Wilh. Sclmidt, dsterr.. FIug-Zeitschrift 12, Nr. 15-16, Aug.

1918: 170-171.

TESTS OF SWTVEKMNQPRBSRUBE HkADS. AerodynamicsStaffof R. A. E., BritishAdv. Corn. for Aero.,Reports
sndMemorandaNo.567,Oct.,191.8:14.

.
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A HowWmE A-YEMOXETEE w-mm rs SENSITIVE OVER L LAME RMQE or WrND SPEKD. A. Fsge,BritiebAdv.
Corn.for Aero., Reports and Memoranda No. 556, Nov., 1918: 1+.

DIZTWWJP~E.NTOF Am SPIZEDNOZZLES. A. F. Zahm, Report No. 31, Nat. Adv. Corn. for Aeronautics, Fourth Annual
Repor$ 1918: s~34.
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