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DEWLOR[ENT OF A FLIGHT LEWL INDICATOR 

This report covers the developent of ar, u,strument designed to pro-de verti- 
cal separation between aircraft in flight by relating flight altitude levels to com- 
pass directions The instrument consists essentially of an aneroid barcmeter mechanism 
providing a urnform measurement of pressure altitude from B flxed standard reference 
pressure The dial of the instrument 16 graduated like a compass rose, so that a 
defunte pressure altitude of operatlon corresponds to each compass heading of the 
ail-plans The ues of this instrument 13 suggested as a possible solutun to the prob- 
lem of ass~gnng safe cruising altitudes for aircraft flyng along, across, oi- off the 
Clvll airways 

Flight testng and uee of the u!strument over a consIderable period of time 
have indxated the practxabillty and reliahlllty of the proposed method of flight 
control 

IhTRODlCI?ON 

As traffic continues to increase, the necessity for mantairnng vertical 
separations m flight becomes more crltichl Coll~~ons in the air are not an nn- 
common occurrence e~sn during fa>orable weather The posslbllity of snch coll~ions 
will become increasingly great w.th the enormous growth of private and commerc~el 
flying antxlpated in the next fe-rr years As density of traffic along and ~croas 
civil always increases, slmpllfxxl methods of traffic control become more important 
and desuable Reports fron aLr carriers , personnel of the military services, and 
the an-craft Fndustry generally, have mdxeted the desnabllity of some pos~tlve 
method for controllng cruulng levels at definite pressure altitudes which can be 
readilg' and accurately determvled in all aircraft 

The nstroment suggested in this report aa a possible solution to the problem 
-rae developed and tested in 1939 and 1940 A report of its principles and applxation 
1s being presented at this time because of renewed interest in collision prevention 
and traffic control procedures 

PFEiELNTTFLAFEXRlLES 

The present system of array traffic control 19 descrlhed UI d&all 1x1 the 
C~vll AIT Regulations, Part &I - An- Traffic Rules These specify generally that 
dni-lng instror,ent flight conditions, eastbound and northbound aircraft shall fly at 
cdd thousand-foot levels and that meatbound and southbound aircraft shall fly at exen 
thousand-foot levels. The regulations also specify levels for airway intersections 
and for off-auway flightc when crossing a clvll a=ruay No specific cnnsing altl- 
tudes are reqursd dunng xeather conditions permitting contact flight, although air- 
craft are requued to keep to the right-hand side of radio range coureee, end cont-or- 
mance to instrument rules when above 1,GOO feet 19 recormranded A pilot must have an 
Instrument rating as well as sutable lnstnrments and radio equi!xnent in order to 
obtain flight clearance under weather conditlone requiring instrument flight 

The re&ations are designed to avold coll~4ons between aircraft III contact 
flight by the lateral ssparatlon of opposing traffic along the airways, and -in Instru- 
ment flight by altitude separation as well as lateral separation Further, altitude 
and tvne separations we pro-d.4 by airway traffic control centers for aircraft 
flpng routes 11, the same du-e&ion along an arway The reglitatlons governing sepa- 
ration of aircraft apply only to aircraft flying along or actually crossulg a federal 
airway 
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The present regulations specify flleht altitudes along the auways I" terms 
of lndlcated altitude I" feet above sea level, as deterrmned by a standard sensltlve 
a1tlmeter The pressure values used I" callbratlng a" altmeter are obtaIned by as- 
surm"g tkt the sea level pressue 1s 29 921 inches of mercuv, that the temperature 
at sea level 1s 15” c , and t:at tile temperature aecreases wLth increase of altitude 
at the rate of 1 9612’ C per thousand feet It IS only when these condltlons exut 
that the altu,,eter ml1 read true altitudes throuehout Its range, neglectug scale 
errors u,here"tl:, present 1" the instrument 

All sensltlve altimeters, requred by CAR - 6Q, have scale adJustments mth 
Irhlch the lnstnment may be set for any reference sea level pressure from approximately 
28 to 31 Inches of mercury Smce the barometric pressure may vary along the route 
of a fll,cht, It 1s necessary for the pllot to reset his altimeter contuuously If the 
instrument 1s to give readings of altitude basea on the sea level pressure exlstlng 
ITI the Immediate vlclnlty of the aupla"e The procedure outlIned 1" the regulations 
requires that altlneters be adJusted to the current setting of the nearest reporting 
control statlon along the route of flight However, there 1s on record at least one 
accident u, dnxh two au-craft have collided me" each was Clnng mdlcated altltndes 
apparently affording vertical separatu,", but 1" which no actual clearance exlsted 
because the altuaeters of the two axcraft wei-c not set to tte sarre base pressure 

SUGGESTED UNIFOXM CONTROL OF FLIGHT LWELS 

A unlfor,,, methvl of controllr,g cruxlng and holduig altitudes has been sue- 
gested as a means for slmullfyuz operations and malntaxu,g safety I" presently 
controlled zones, as me11 as 1" areas outsIde such zones ThlS system of control 1s 
based upon -form pressure altitude measurement from a fixed standard base by a tm 
of instrument COmmO" to all arcraft Gne type of ux+trument filch 1s altable for 
such purpose, and mhlch relates flight levels to corr?iass duect1ons, 1s described I" 
this report The actual applxatlon of the system uwolvlng the use of the lnstru- 
ment iRould be deter,uned by ttose who are concernea prmmar1ly mth the regulation of 
a1r traffic 

CESCRIF'TION OF THYF, FLIGHT LEVEL INEICATOR 

The lnsti-ument desiyed for SKY a" altitude control systelr has been deslg- 
"ated the flight level lndxator The experimental uut, illustrated ~TI figure 1, 
was developed by the Cl,.11 Aeronautics Adrnnlstratlon 1" cooperation mth the Kollsman 
Instrument cornzany 

Basxally, the flight level lndlcator 1s a" aneroid barometer compensated 
for temperature variation No barowtrlc pressure setting 1s provided as I" aensl- 
tlve altimeters, but an ad?ustment 1s avaIlable for resetting the hand If the lnstru- 
ment should develop a zero error The callbratlon of the Instrument 1s ldentlcal 
mth tkat of the sensltlvk altur&.er and 1s based on the standard atmosphere formula 
and a sea level pressure of 29 92 Inches of mercury The instrument 1s provided 
mth a static connectlo" for atmospheric pressure ard mth an electrIca ConnectIon 
for lllucLl"atlo" It weigks 1 17 pounds and 1s desl%ned far mounting on the Instru- 
ment panel R;m lighting 1s provLded I" the conventional manner vnth a 3-Volt 
e1ectr1c lamp 

The face of the fl=gPt level lndlcator 1s of standard s=ze It 1s gracuated 
11, degrees ll<e a compass rose, as show" I" flgn-e 1, rather than I" feet The dul 
is marked mth the cardinal duections N, E, S, and N, and 1s furtker subdlvldea I" 
1nterva1s of 100 A pointer attached to the aneroid rrechanxm thus shows the dlrec- 
tlon in filch the flight should be 
makes one corcp1ete revolution (360 07 

roceedlng at the existent altitude The pointer 
for every normnal change of 2,000 feet I" altl- 

tude to a maximum altitude of 16,000 feet 

When the instrument 1s subJected to the standard atmos>herlc sea level pi-es- 
sure of 29 92 IMES of mercury, the pointer 1s at W As the altitude 1s uxreased, 
the pox&z moves clockse through a 90' arc on the compass rose dial for each I"- 
crease of 500 feet 1" pressure altitude Thus, c1octise movements of 900 , MOO, 
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and 270° mndxate ma-eases of 500 feet, 1,000 feet and 1,500 feet, respectlvelg 
Counter clockmme movements indxate correspondmg decreases m altitude 

For convenient reference to the compass bearmg berg flown, a dx-ectlon 
marker on the outer edge of the dial can be set manually by a knob at the bottorr of 
the Instrument to the deslred magnetic heading. 

A subdlal, lrhlch LS vlslble through an aperture below the center of the main 
dial, lndlcates flight levels by numbers Fach cardinal heading oi- 5W-foot altitude 
step 1s designated as a flight level ard given a number For example, sea level, TV, 
under standard atmospheric condltlons 1s fhght level 0; 500 feet, N, 1s flight level 
No 1, 1,000 feet, E, 1s flight level No 2, 1,500 feet, S, 13 flrght level No 3, 
2,000 feet, T, 1s flight level No /+, and so forth 

As altitude is increased or decreased, the sub&al rotates slowly and indicates, 
agamst a reference Index on the fued &al, the number of the level, or the nearest 
level, on which the auplane 1s telng flown There are 32 flight levels of 500 feet 
each, totalllng 16,CCO feet of normnal altitude, m the range of the instrument 

right levels 1, 5, 9, etc , are autonatlcally Indlcated for flights on 
northerly tearings, flight levels 3, 7, 11, etc , on southerly bearlngs, flight levels 
2, 6, 10, etc , on easterly bearings, and fhght levels 0, L, @, etc , on westerly 
bearings On IntermedIate headlugs, interxetiate levels would be Indicated For 
example, for flights on a magnetic bearing of boo, and mth the rotating polnter of 
the lndxator on that course, a flight level two-thirds of the iiay between levels 1 
and 2, oi- between 5 and 6, etc , would be lndxated The purpose of hvldlng the pro- 
grssslve steps of normnal altitude into numbered flight levels, as described, 1s to 
provide a convement method of reference betxeen axway traffx control centers, com- 
murucatlons stations, and pllots 1" fhght, and also to assist in the preparation of 
flight plans 

Several alternatIve and possibly simpler system of flight level numbering 
nught be used For example, a numbered flight level tight be taken for each complete 
revolution of the Instrument panter, or for each 2,ooO feet of standard pressure 
altitude Thus, mth such a system, eight flight levels would be used to the rnax~n~m 
indxated altitude of 16,000 feet 

APPLICATIOll 

In using the x&rument, a pIlot would club to his deared or asslgned 
crulslng flight level and then maintain the polnter in agreement mth the magnetlo 
bearing being flown. If he subsequently desxed to fly at a hgher or a lower alto- 
tude on the same compass course, he would climb or descend until the polnter of the 
Instrument made one or more complete revolutions and again agreed mth the magnetic 
bearlug Thus, ln this system of traffx, the pIlot has B choice of flight altitudes 
which are I" steps of 2,CCO feet 

The usefulness of the fhght level Indxator 1s llrmted to crvlslng and 
haldIng-level flight condltlons Upon letting down for an approach or a landing, 
the Instrument would be dIsregarded and attention given to the altmeter and other 
fhght mstruments 

It can readily be seen, as Illustrated I" figure 2, that two aircraft ar- 
rlvlng at the sarxe polo+. over the ground but flying In opposite directions normnally 
mll be separated by at least 1,Mx) feet of altitude Slrmlarly, if the two arcraft 
have paths intersecting at right angles, their normnal vertical separatlan ~~11 be at 
least 500 feet Two arcraft flpng on the sarre magnetic headmg rmght be at the 
sane altitude unless supplemental control 1s applied to insure that We two airplanes 
are flpng In differently numbered flight levels It 1s assumed that for flights along 
established airwags such control would be applxd by traffx control centers, the 
flight level indicator serving to supplement and slmptify such centralized dIrectIon 

For uncontrolled crmslng fhghts other than along airways, the flight level 
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lndlcator ~111 not provLde posltlve vertical separation for aucraft flying along 
ldsntx.4 paths However, It may be assumed that for this type of flight, the posm 
slblllty of two arcraft flg?ng closely ldentlcal ragnetx heaalngs over the same 
point on the ground, at the same tune, under condltlons of poor vlslblllt:, and of 
simultaneously havlne the pIlots choose the saxe numbered flight level, 1s extremely 
rerrote x,less density of sue" traffic becomes u,fu,ltely greater than it 1s at the 
present turle It furt'er ~~11 be noted that ,mth one au-plane overt&u,& anotker, 
mailmum tme 1s available to Fl-mld CollMlon 

In order to be apFl;cable, flight level lndlcators in ell au-planes must have 
a cannon reference pressure Therefore, as inentloned orey1ous1y, no means are j-ro- 
\qded for makIng barometric pressure settlngs in flight The COrmTlO" reierexe pres- 
sui-e 1s obtained bv settxg the pauAers of all u&rwents at Nest (W) for a static 
pressure of 29 92 Inches of nercury Thus, the flight levels of dlfferert axplanes 
ml1 be poslt;vely related even though the barometrx pressure for a giver, absolute 
altitude may vary mth tine Although the entAre SPRIGS of flight levels my vary 
mth respxt to their actual altitude above sea level, t*ey remau, spaced in proper 
relat:on to one another For ths reason, the flltht level lndlcator elunlnates We 
amblgultles ai-~u,g 1n flight level separation as a result of varlat;on between altl- 
meter settings in different airplanes 

The fhght level lndlcator Cannot TeFkCe the altmeter entirely For ground 
clearance values ana ax-pa-t elevation readlngs, It still would be necessary to adJust 
the altimeter +,a the existent sressure condltlons of t>e zone 1" prhch the au-craft 1s 
flyL*g For purposes of vertical sezarat1on control, t,owever, no reference to an 
altuneter would be requued 

The presence of the flight level lndlcator ln an arplanc can be of valuable 
asslstance in checklnlz the altmeter Sue- checxlng may ne performed slmpllr in the 
fallowing -nanneI‘ 'Be barometrx scale of the altimeter fust is set to 29 92 The 
u,dlcated altitude tren 1s corrpared mth tre product of the ilvht level number times 
the constant 500 The c'X,pXLY,,n 111 ustrument rzadlnts should be rrade when the 
pointer of the fl&t level Indicator 1s at a cardinal povlt so that no lnterwlatlcn 
of the scale 1s requued Thu nethcd of checking in11 prrmt detectlcn of hysteresis, 
drift, and other errors in the altimeter reading 

me flight level Indicator can be adapted also to the cutomatlc xlot as a 
meaps of contro:llng ci-usu~~ altitude In the u,scallation cf the lnstrurrert as a 
part of the automatic pIlot system, the nanuallj rontrollei course lndlcatnr narker 
and the Indlcatlng pointer would te interconnected to the autozatlc pilot 1n such a 
way that when the narper 1s set at the desired cowse, corresoondlng to a desired 
altitude or flight level, the a\lto,xtlc pllat ml1 brine the ali-plane to t'x Level 
and the pr,l,,tW mull i-emaln oi, the SeleCteo OGZlW 

PBF@&ANCE CHARACTE;IS"ICS 

The alitity of the flight level lndlcator tn provide posltloe vertical se=- 
ratlon of axcraft which are flyLng alfferent ma&uZtlc bearings at the sarz FOlnt 
over the E:raund 1s llmltea by %a-lous :actors Tnese factors nay be classlilea ln 
t,,va goups, (1) those mhlch are varlahle in a random manner and rrhlch lay cause un- 
predxtatle loss of altitude separatlor, and (2) those which are systenatx in nature 
and nhch u, effect tend principally to change the general Fattern of the norrlnal 
se3arat1on systan Included under group (1) are scale ana rmscellaneous instrumental 
eproi-9, ana lnaccurecles xl measurulg tlx trlx exMtent at~ospher1c pressure Under 
group (2) are wcluded the effect of varlatlon of actual atmaspherlL tenperatures 
from the assumed standard temperature dlstrlbution, ana the effect of mnd 1" causing 
difference 1" bearing between the I-L=@EtlC heading and the true fll@t pat? Of the 
FU-p1a*e 

The standard atmosphere formula, which 1s the oasis Lor callbratlon of tire 
sensltlve a1tlmeter nectamsm, assIgns a oven altitude to eac1 value of static ore3- 
sure The tifference in altitude regIstered by the rrecharns= and that ass:gned by 
the fornula at a ~lven static pressure 1S, by defrmtlon, Wr scale error of the u- 
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strument Speclflcatmns for altimeters usually mticaw the allowable lmt of such 
error over the entu-e scale range The cost of the mstrument mm-eases measurably 
witn a decrease in the allowable scale error 

In Tables I, II, and III are Qven tabluatmns of the or~gmal tolerances 
specifmd for the four expermental flight level mdxators which law been fabrxated 
and wbch are covered by thx report While the total scale error tolerances mdlca- 
ted In the tables are as great as 305 feet, actual ustrunent callbratlons, as sharm 
1" Tables IV and V, have much lower scale error values 

TABLE I 

PERMISSIBLE SCALE ERROR AT TD!WZ?ATLiX OF ZOO C 

Flight Pressure Tolerance 
Level Standard Altitude Feet Inches of Mercury Degrees Feet (approx : 

0 0 29 ?2 5 25 

: 1,000 2,coc .?R 27 86 82 10 10 55 55 
6 3,000 26 81 10 55 
8 4,m 25 84 15 

10 5,006 24 a9 15 2 
12 6,000 23 9e 15 85 
Y, 7,000 23 09 20 110 
lb 8,000 22 22 20 110 
18 9,000 21 38 20 110 
20 10,COC 20 58 25 l4C 
22 11,000 19 79 25 LiO 
24 12,000 19 03 25 140 
26 i3,OOO 18 29 165 
28 14,000 17 57 ;"o 165 
30 15,000 16 BP 30 165 
32 16,000 16 21 35 195 

TABLZ II 

PFXY!ISSIBLE IhC%h&E IN SCkIJ ERXOR TCUFWJE AT-35' C 

Flqht Level 

0 
10 
20 
30 

Allowable Change 
Cegrees Feet (aporox ) 

8 45 
12 65 
16 90 
20 110 

/ 
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TABLE III 

PERMESIBLE INSTRUKENT EFiRORS 

Instrument Errors 

Hysteresis 
~ysteresls After-Effect 
case Posltlon 
Case Leak 
Pomter Movement (Vlbratmn) 
Change of Scale (Vlbratm) 

Test Pomt T0leiYLKe 
Flqht Level Degrees Feet (Approx ) 

15 12 65 
0 8 45 
0 z 25 
1 45 
0 25 
0 i 45 

TABLE IV 

&EASuREo SCALE FAROFS OF FXIGHT LEVEL INDICATOR 
(Instrument No 1) 

Test Pant 

Altitude F&ht 
Feet Level 

0 
1,m 
1,500 
2,000 
2,500 
3,m 
3,500 

:%z 
5:ooo 
5,500 
6,000 
6,500 
7,m 
8,000 
9,000 

10,OCC 
12,000 
l4,ooQ 
16,000 

0 
2 

:, 

2 
7 
8 
9 

10 
11 
12 
13 
l4 
lb 
18 

: 
28 
32 

T 

t 
L 

Flight Level &al 

+20° c -35O c Change +20° c 

-50 
0 
0 

-50 
-100 
-50 

-5: 
-150 
-100 

0 
-50 
-50 
-100 
-iOO 
-100 
-100 
-100 
-100 
-50 

0 
0 
0 
0 
0 

-50 

0 

-50 

-100 

-50 

+50 
0 
0 

+50 
+100 

0 

+50 

+50 

0 

0 

-11 
0 
0 
c 

-22 
-11 

0 
0 

-27 5 
-16 5 
t11 

0 
+27 5 
-22 
-22 
-33 
-27 5 
-44 
-u 
-16 5 

Ikrect1on PoJlkr 

-350 c 

127 5 
+11 
t11 
t27 5 
t72 

+55 

+5 5 

-5 5 

-49 5 

-38 5 

1 
1 

+55 

+55 

~16 5 

-55 

-22 0 
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TABLE V 

W,ASURED SCALE ERRORj OF FLrGFT LEVEL INDICATOR 
(Instrument No 2) 

Test Point Scale Errors I" Feet 

Flqht Lsvel Dial rnrdl0n Pointer 

Altitude Flight 
Feet Level 200 c -35" c Change 200 c -35" c Change 

0 0 -300 -300 -16 5 -11 +5 5 
1,coo -300 -300 -38 5 -16 5 f22 
1,500 : -250 -300 -50 -44 -38 5 
2,000 4 

+5 5 
-350 -350 -22 -27 5 -5 5 

2,500 -400 -400 -33 -49 5 -16 5 
3,m 2 -350 -350 -lb 5 -77 5 -11 
3,500 7 -300 -27 5 
4,000 a -350 -400 -50 -27 -38 5 -lb 5 
4,500 9 -400 -27 5 
5,000 10 -350 -400 -50 -lb 5 -38 5 -22 
5,500 11 -350 -33 
6,000 12 -400 -400 -11 -44 
6,500 

-33 
-350 -33 

7,000 
ii 

-350 -22 
8,000 -400 -400 -16 5 -55 
9,000 18 

-38 5 
-400 -44 

10,cQo -400 -400 -66 -72 
12,wJo E -400 -400 22 -@J5 

kg 
28 

+5 5 
-450 -400 +50 -66 -93 5 -27 5 

32 -400 -400 -55 -08 0 -33 0 

A sensltlve altimeter usually 1s supplled mth a card whxh lxts corrections 
to be made to the instrument readlngs because of scale errors A slrmlar card mqht 
be supplIed mth the flight level lndlcator which would list the correction ln degrees 
for various ftight levels Such correctIon 1s not considered practxable, however, as 
It 1s desirable that use of the mstrment be made as ample as possible 

A further possible eri-or 1" flight level Indxatlon 1s the use of an inaccurate 
system of statx pressure measurements o" the arplane It 19 a practice 1" some I"- 
strument systems to use cabx, pressure as the basis for static pressure rceasurements 
It has been deronstrated, however, that the cabln pressure may vary 1" an aroount car- 
responding to several hundred feet of altltuae tkroughout the speed range of a" a~- 
craft, Inde~ndently of the static pressure of the free air Further, It has bee" 
shown by test that lmpropxly located a~ speed tubes will result in static pressure 
errors corresponding to altitude varlatlons of approximately 200 to 300 feet In 
using the fhght level Indicator, therefore, the static press'ure errors of any a~- 
planes involved must be allowed as a" operatIona tolerance Powever, the zltltude 
ei-i-oi- from this source U, a angle instrument can be llrmted =o a value of approxi- 
mately 25 feet throughout the speed range of the axplane through the use of an a~- 
speed tube of satxiactory desqn and x,stallatvx 

It should be noted, also, tkat as in the standard altimeter, tke actual ver+,- 
cal separation for a give" Indicated altitude separatxx, a~11 vary mth temperatvre 
A l,COO-foot lndlcated altitude separation ml1 correspond to more than 1,000 feet of 
actual vertxal separatron when ax temperatures a-s hqher than the standard tempera- 
tures, and to less than 1,000 feet of actual spacing afie" the ax. temperatures are 
loner Wan standard The actual clearance can be reduced to SC percent of the i"dl- 
cated value under cond>tlons of extremely lo,, temperature 

Another llrmtatlon 1s placed on the ablhty of the flight level indicator to 
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provide posltlve and precxa vertical separatlo" of aircraft because of differences 
which may exist between the du-ectlon of au-plane track and the mdxated mgnetx 
bearmg Two au-planes mth a" appreciable dtiference in au. speed do not follow the 
same track Then flymg on equal mgnetx headmgs I" a cross mnd and, hence, may have 
no altitude separatlo" although their actual coureez may differ Further, two au-- 
planes folloKlng ground tracks of 180' difference I" bearing I" a cross mnd ml1 have 
mag"etx compass rea&"gs dlffer1"g by nore oi- less than lEO", iAlth a resvltant 
varlatlor I" thex- altitude separation The pruxlpal effect of mnd, as well of 
temperature varlatlo", 1s to cause a general systematic nodlflcat10" of G-e separation 
patter" and to effect sowe increase I" posslblllty of colllslon between arcraft con- 
verging along tracks of small angular separation Thus the already eustent Pazard 
of collulon oy overtahng arcraft, as previously discnssed, rmght be slightly I"- 
creased 

In S-P,, the greatest error affecting the effxlency and safety of the 
suggested traffx system lies I" the maetude of scale and u,stroment errors found 
I" the common sensltlve altmeter Thu aes,~mes that flight level Inticators are ac- 
curately installed and carefully mau,tax,ed I" all axcraft Rth the present types 
of instruments wallable, the probable practxal error to be expected for the fhght 
level lndxator, lncludlng scale, xistrument, and atatlc pressure ei-roi-s, 1s aooroxl- 
mately 150 feet and 175 feet at uxxated ,ltltudes of 10,030 and 16,000 feet, resxc- 
t:ve1y 

LABORATCXY ANI ShWICE TESTS 

Four expermental flight level Fndlcators have bee" give" laboratory tests 
and "w,,e~oue flight tests to deterrmne (1) Accuracy of lndicatlon, (2) servlceabl- 
llty and endurance, (3) capacity for remalnlng I" proper callbratlo" under normal 
usage, and (L) @ot opuuo" Results of laboratory tests ',po" two of the u,dlcators, 
whxh are typxal of the four ustruments fabrxated, are shown I" Tables IV and V 
It 1s see" that the maxmum pointer scale error present corresponds to a" ei-,-or of 
less than 100 feet 1" altitude 

Several hundred tours of flight testing in aircraft of the Army, the Navy, 
air Carriers, private ownei-s, and the Clvll Aeronautxs Adrmnlstratlon, have IndIated 
that the instruments function as Intended and retal" accurate callbratlor over a 
peruxl of more thar 18 months servxce 

The maJorlty of pilots using t?e instrument have commented favorably concermng 
Its fnnctlonlng and favor the employment of "on-adJustable Indicators for neasurement 
of atmospkerx pressures from a common reference base for purposes of flight altltllde 
separatlo" 

1 The use of the fhght level Indicator, I" i-elating flight levels to 
compass drectlons, offers a ample and mform system for asslgnnlng cruslng altl- 
tudes to all types of au-craft, whether on or off clvll ax-ways, and a system 1" which 
the posslbllitles of collislo" xre rmnmzed 

2 The flight level u&c&or, vnthln Its lmts of error, pi-ovldes posltlve 
vertical separation between arcraft when they are followug appreciably different 
compass courses, and poeslble but not posltlve separatlor, when flying nearly ldentlcal 
compass COwSeS Along establlshed alraays the instrument would serve to simplify 
and supplement present methods of traffic control 

3 The use of the flight level In&c&or, which lndlcates altitudes from a 
COIOIFO" reference base, 1s Independent of ground reference preesures wtich rrlght be 
inaccurately set on the altimeter of an axplane, a"d ellrmnates the need for con- 
ti""ous resetting of the altimeter during the course of a flight for the purpose of 
malntalning pi-one= oertxa1 separations 



9 

L T%e flight level indxator can ewrve as a simple and valuable check upon 
the functlonmg of the altmeter The altimeter, however, still ~~11 be necessary 
for the maintenance of terrain clearance and for height lndxat~ons during the landing 
procedure 

5 The flrght level uxi1cator may be "sad in connection mth an automatic 
pIlot ae B means for automatically controlling cruxlng altitudes 

b The ablllty of the flight level lndlcator to provide posltlve vertical 
separation between arcraft is lmtsd by the precision mth which the various instru- 
ments are calibrated, irstalled and ralntained It 1s estimated that the maximum 
probable vai-lable error I" flight altitude for an au-plane on a given compass course 
1s approxDately 175 feet 

7 Laboratory and flight testlng have demonstrated that the flight level I"- 
dlcator ~~11 provide en accurate and simple system of vertxal aircraft eeparatlon 
control, and that the instrument ~111 manta" precxe caltbratlon over long per~cds 
of time. 
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