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PREFACE

The investigations of the air flow across the Sierra Nevada were
stt.rted at UCLA in the late suvmer of 1950. Preliminary experimental
field investigations with sail planes were made in tne Owens Valley during
the winter of 1950-51, and a more fully developed field program was car-
ried out during the following season, 1951-52. This work was undertaken
Jointly by a number of cooperating agencies. The tec, nical aspects of
the work have been described in ecrlier technical reports. A surmary is
given in the final report of the Sierra Wave Project, Contract No. AF
19(122 )-263 which was issued in July 1954. This report also discussed
the -!-,-1,atlon and reduction of the observational data as far as it had
been completed at tnu .

The further analysis of the observations and the synoptic an&.L L
of the cross-mountain flow patterns were continued under the present con-
tract and the results are discussed in this final report. Also included
(Chapter 6) is a discussion of the observations from a later field in-
vestigation in the spring of 1955, which was undertaken under a seplarate
project, Contract No. 19(C60)-1308. The analysis was carried out Jointly
by Harold Klieforth and Eirnr Hovind. The major part of the report which
describes and discusses the data reduction and the analysed flow patterns
has been vi itten by KIlicforth. The observed turbulence and the flight
hazards of mountain waves are discussed by Kuettner in Chapters 10 and
11. A review of the linear theory of stationary cross-mountain flow, in-
cluding comparison oj' the theoretical models with the observed flow
patterns is given in Chapter 12 by Holmboe.
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1. TilE aBSMUVTI0ILL ahTA

Introduc t ion.

in this chnpter is Presented a review of the observations made on the
three field expeditions of the Mountain Wave Project from 1951 to 1955, in-
clusive. All of the exrlorations were conducted over and in the vicinity of
the southern or High Sierra in eastern California. The various equirent and
observational techniques, particularly the use of sailplanes, have been dis-
cussed in detail in previous reports of The Southern California Soaring Associ-
ation (S.C.S.A.) in 1952 and the Meteorology Department of the University of
Ci ,ii at Lt_ ....--..... (i I T.. A Il ; ...4 and IC)5, In the Lflmj-]rG Occ-
tions are suzrar ies of the data with mention of where they are treated •n
later chapters. A brief description of the study region is given first.

PVhy nrhy of the Southern Sierra and Ovens Valley region.

The Sierra Revadn iv a single, unftoken mointain range with a length of
abcut 400 miles and a width varying from 30 to 80 miles (Fig. 1.1). Although
the range extends roughly northwest-southeast between latitudes 350 and 400
North, the =.in crest of the High Sierra which borders on Owens Valley is only
about 140 from a north-south orientation. In this southern portion of the
range the crest is the highest, generally about _2,00-0 feet, and with nt~mz-ous
peaks rising over 14,000 feet. There the eastern scarp is most abrupt, it is
remarkably straight, and the (Xens Valley, to the east at an average elevation
of about 4,000 feet, is of nearly uniform width (Fig. 1.2).

In form, the southern Sierra profile is strongly asymmetric; its Ap-
pearance has been likened to that of a huge ocean wave rolling in from the
west. The western slope rises gradually in rolling foothills from the San
Joaquin Valley to the jagged peaks which form the crest of the range. The
eastern front, one of the greatest escarpents in the "zorld, towers high above
the Ovens Valley. The San Joaquin, Kings, the Kern, and other rivers have cut
deep canyons on the western slope while on the eastern slope there are shorter,
steeper canyons. The high country has been sculptured by glaaiation and in
many, of the eastern valleys glacial moraines reach nearly to the Valley floor.
Volcanic activity has formed a slight constriction of lava flows and cinder
cones in the central portion of the Ourens ValleV.

The east vall of Owens Valley is the large fault-block range known as
the Inyo Mountains to the south of and the White Mountains to the north of
7,000 foot Westgard Pass. The Inyo Mountains have an average elevation of
9,000 to 11,000 feet, while the White Mountains, rivaling the Sierra in height,
culminate in 14,2514 foot 1.1hite Mountain Peak just northeast of Bishop. The
western slope of these desert mountains is a fault scarp at the base of which
the Valley reaches its lowest elevation. The floor of the eastern side of the
Valley is fairly level but on the vestern side it rises in a bread alluvial
apron to about 6,000 feet where it meets the steep flanks of the Sierra (Fig. 1.3).

Near Bishop there iz i jog ini the Sierra crest; the highest peaks are
much farther west and the Valley widens considerably. In this, the northeaii
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end of Ovens Valley, the Sierra crest is about 25 miles vest and the White
Mountains about 10 miles east of the center of the Valley. In the central
portion of the Valley near Independence - the region in which the aerial ex-
plorations of the Project were made - the width of the Valley is about 10
miles and the distance from the crest of the Sierra to the crest of the Inyo
Mountaiiis is about 18 miles (Fig. 1.2). In the latter region the relative
uniformity and simplicity of the topographic profile make it nearly ideal
for the investigation of lee wave phenomena. For an east-west canyon along
which to Leasure lee side pressures and down-slope winds, the topography was
less favorable; the valleys which drain the east side of the Sierra are nar-
row, steep, curving, and quite unlike the broad, straight glacial valleys of
the Alps where tae classical f~hn observations were made. The valley of
Independence Creek, vest of Independence and east of Kearsarge Pass, was
chosen.

Sailplane measurements.

The principal tool of research on all of the field projects of this
investigation has been the instrunented sailplane. The greatest assets of
the sailplane for this work are its relatively slcr. flylng speed, its in-
dependence of power, and its consequent ability to measure to a satisfactory
degree of accuracy the vzrtical and horizontal ccomponents of the wind
velocity. It was the scienze and sport of soaring flight that first explored
and made known the gross structure of the Sierra Whave and vhoie observations
instigated the initial Sierra Wave Project. The use of the sailplanes in
project operations, their instrumentation, and the data obtained from these
flights have been discussed in detail in earlier reports Liven as references
at the end of this chapter. Only a summary of that information is given here.

In the fall and winter of 1951-2 sailplanas were tracked &'- p-hts
in the lee flow of the Sierra by a network of 3 photo-theodolites, a radax
set, and a Raydist system. Upvind, dovnwind, crosswind, and hovering runs
and combinations of these were chosen to traverse the various parts of the
lee wave flow according to their practicability under different wind and
weather conditions, The locations of the tracking devices and the region
over which the flights were made are shown in Fig. 1.2. The Pratt-Read
sailplanes used (Fig. 1.4) were two-place, ha& r. wingspread of 50 feet, and
a gross weight of about 1,400 pounds. The principal instruments borne by
the sailplane were a clock, altimeter, rate of climb indIcator, outside air
thersometer, airspeed indicator, direction indicator, and accelerometer
(Fig. 1.5). The dial of these instruments in the panel of the sailplane were
photographed at intervals of one or two seconds by 16 cameras mounted
behind and to one side of the heads of the two-man crew (Fig. 1.6). Basic
equipment of the sailplanes included a pressure orfgen breathing system,
instrument- flight equipment, radio comznication, barograph, -Ad, for the
crew, warm flying suits, parachutes, and oxygen masks. The - . tracking
measurements of the 3 theodolites and the radar set were recor. e• syn-
chronous photographs at 5-second intervals of the correspondiag ti . and
instrument dial readings. The Raydist tracking data were recorded as brush
xecordings of the Raydist system's electronic signals. From 26 November,
1951 to 30 March, 1952 there were 24 tracking operations and of these about
50 per cent of the cases have yielded useful data for analysis. A coplete
description of these data and their reduction are given in Chapter 2, and
the meteorological aralyses in Chapter 3.
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The very brief -ela . eato,1. n an 22 March to 6 A;ril, 1954 acco~liried
two i"ortant results which laid the groundork. or, mre Avprwiatv.J,
"airvrk" - for the 1955 investigation. First, a cbIned vave emploration
by a B-29 and a" sailplane on 29 March proved the feacibili';y of a nv measur-
i. . techr.ýque. Secondly, a sa lplaane flight on 4 A;rIl to 35,000 feet
altitude over the Owens Valley and the subsequent cross-country flight to
Lua Vegas established the existence and movment of "Jetlets" or travelling
vind speed maxima. The decisions to use powered aircraft in a more exterslve
field progrma and to investigate the relationship of the mountain wave to
wind velocity asxima formed the basis of the plan for the new project.

In the spring of )955 sailplanes were again employed for lee mave
observations, ncue of which were mad. in conVunction vith traverses by the
instrumented powered aircraft. The saiplante flights, which vere not tracked,
obtained vertical velocity umeasur•eents to be combined with the mesuments
of t4perature, &air speed, pressure, and 'ind obtain.ed by the powered planes,
Tsere vere three such combined operations and seveml other 4as on which lee
waves were explored by sailplanes alone and for which soundings and Observa-
tons we"e thus obtained. The majority of these flights reached altitudes

*~hrLb" 4O,0 ot ~~i~~ ~~~ U ~Ž-&onz tbe sallplane
data consist of films of the intrument panel and the reports mnd observations
of the crew.

lowerd aircraft data.

During the last two months of the 1952 season power plane flights with
an attached aeteorograph were made in the le.e of the Sierra. . 29-13 tow-
plane was used, taking off before a 1.lanned .xiilplane tracking flight, to
serve the dual purpose of ascerta-LIW the sxrength of the developing up-
drfts and collecting data in soundings and cross sections of the roll cloud
region. The standard aircraft instruments wart included In the obseawv's
cockpit panel. Other equipment installed ver an oxygea brething saste,
radio commnication, an intervalameter for recording time marks on the nete-
oroarsa, and a special thernistor-typ. thwummter with sensing element
mounted in the leading edge of one wing. Althouf% It was attemted to track

these flights with radar, t. e method proved Impa ticable and kovle4te of
space porltions vas al3st entirely dependent on the notes of the observer.
There vere 22 such flights made frix aid-February to the end of March 1952
and of these about 6 provide data from lee wave and roll cloud dereiqumntsa.
The basic, data are the neteorograms vitD 3VPlementary notes by the observer
giving synoptic records of time, altitude, temerature, air speed, rate of
climb, compass heading, positions over the terrain, and Jntar..tion as to
vben time marks were zade, the positions of clouds, and pbotogapa€c data.
These observations are treated in Chapter 4.

In 1955 meteorogrsph flights were also used, but the principal con-
tributions of powered aircraft to wave esloration vere the tecbnipes
employed by the B-29 and B-41 of Project Jet Streea. These Inastnanted
veather aircreft, earijer used for hurricane reconnaissance and Jet stream
exploration, made coordinated flights vith the sailplanes in strong lee wves
on tbree days in April, 1955. The traverses of these aircraft tbrough the
montain flow at altitu les fro m0,000 to 1.0,000 feet have provided the Most
comlete n3arly- synoptic cross sections of the moatain vave Including
importaut and hitherto missing ata on the structure of the flow %Wwund of the

"" '+,,•.lJ• . .. +-- - " - .,, +,,4, m l .. - "
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mountsIn rane, in the rod loud region, and in tae stratosphere. Both air
craft vere equipped with the new sut~aatic avigation eaizpmt which gives
continuous readings and recordings of the true wind, Th. rev data are In the
fo.a of aerograxms, film- of the instrument panels, wind ieasuraments, end
nv-.s if. t.io .Q-pilotl. TL'se -aye bren made -va.Vable to the Project for
integration with the sailplane maoma wnts and the 1sp-ucale surface and
uppr air cbservations of the region. Chapters 6 aA 8 are devoted to the
meteorological results of the 1955 field work.

!;loud RpotogWp~y.

A valuable supplimnt to the aerial measurements and synoptic ob-
servations is the file of notion pictures and itill pbotpaphs of cloud form-
tions end developments. Most of the mtion pictures were taken by time-lapse
camras in which ftemas were e3posod at one or two second Intervals thus arti-
rt e•llj spe...ing up the projectod rate of cloud mement by 16 or 32 times.
Studies of these film of vave and rojil c , u4 - ir,ý t irsl3 .
into the time variations of the air flow. Also, the best seoances of then*
films have beeL combined in-o docm:satary films which have been shr to thu-
sands of military and civilian pilots and thus have provided an educationsl
service of inestimala value. The still photograps - both black and white and
color transparencies - have been used as an integral part of tL* colete
synthesis of the available meteorological data for all tL cases studied.
Biwce these photogrophs vere tcunaleted by pertinent notes and are easlcable
to elemaentary tachni.es of photogreimntry, they pwrvids inSwatilon that is
aslo of amntitatIve value. IWustrations of clou phbanomea svear in Chap-
tere 3, 4, and 6.

other att,'2,cO.oial observations.

Several types of observations and measurments other than aircraft
flights and cloud ptogrepty v'ere made in the Sierra Neva"d nd Ovens Valley,
region for the purposes of the Mountain !ave Project. Observations which we
of great I•portance to the synortic studies were avalale from the network of
Uea~ar bareau and military mathebr stations In the surrounding region. 2bese
various types of data are listed and briefly discussed below.

Pilot bl dlm . One of the many valuable contributions of
tbe eeth- to the YroNeeT vas the program of ciouble-theo&,lite piat
balloon wind maesiirmeto at the Bishop Airport. Thae soundings were ben 1
In 1951, vwre taken twice daily (at 0700 and 1200 MOT) during the 191-2
sea*=,, end once daily (1200 M) in the spring of 1955. 2he data have been
used for the syoptic study of the air flow over the Sierra, the chane of the
vertical wind profile in the muntain flow, and as exhibit "A" of the errors
inberent In sinlge-theodolite co.itat ions in regions of large vertical air
currents. The latter subject has been treated ky Do Ver Colson (1M) of the
Veather bureau, using sme of the lishop observations. Several Uiek wind
sounags are repaoo.ced In 0, ar 1 and an oz le of the isfect in the 1
vmro on the balo 'a v•th is abv In Cb~ter Is.
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Radiosonde ascents from 8equola. Measuroments of the upper air tver-
ature, pressure, and relative ihuidity over the vindward slope of the Sierra
vere made at 1000 local time (POT) on 70 days of the period 5 D e, 1951
to 30 March, 1952. The balloons were released frm a station at odigepole
at an elenation of 6,760 feet In Sequoia N1ational Park by a toea of two
Weather Bureau observers. During the latter half of the period ind measure-
Dntt wre made on days when the observer could follov the radiosonde bal-
loon vith a theodolite. Several of the ascents were made new the time of
tracked sailplane flights and have been treated in the study of the diszurbe&
f1v rather than as being representative of "uprind," i.e., "undisturbed,"
conditions. ALI of the 70 soundings have been studied carefully and analyzed
with other observations from surounding stations since they provide rarely
obtainable data from a high elevation for a general investigation of mantain
flow and in particular the fl1w over the Sierra. Lofgepole soudings are
show and discussed in Chapters 3 and 4 and the observations are plotted on
the synoptic chmrts of Chapter 5.

Surface easuremnts from reenre trr t. i'jrfr-, rr-t

wi, Y W&urema in l i5± i eevei~i"Urog lceinvrous cabins in a
cro•s section of the floor of Ovens Valley and the eastern Sierra slope in
the sailpiane tracking area. These provide contin•u•us barogrms for the
period 18 Noveamber, 1951 to I tpril, 1952, with the exception of a few lapses
in the record3 of the highest stations when these vere inaccessible because
of severe snow storms. Other data from recording instruments of the 1951-2
season are anamgrrm fro thszanar near the center of ovens "'allay and, for
the last six weeks of the season only, thersograms from Hanzanar. It -W

also be added here that barogras and thergrms were available from the
Weather Bureau station at the Bishop Airport and have been used tor every
seaao of field operations. Surface messurewnwwt for selected cases are
an&alzed in Chapter 4.

During the Mountai. Wave-Jet Stream Project of 1955, no special baro-
graphs were employed because of the unavalabilty of the instruments and the
lack of additional permonnel to tend them. Rowever, for the period A1 April
to 2• Hay, 1955 a special network of five sensitive pressure variogreqphia s
placed in the form of a large cross with the center at the Bishop Airport.
Two of the other stations were on the eastern Sieae slope, one vest of
Bishop, the other west of Big Pine, another was in the Chalfant Valley north
of Bishop just west of White Hruntain Peak, and the fifth ws east of Bishop
at Deep Springs in the lee of the White Mountains. These instruments re-
corded changee of pressure at a fýequency of the order of 10 to 20 a•iwtes,
filtering out both local gusts and pressure changs asociated with the move-
ment of large-scale synoptic systems. While these variograms which are the
property of Project Jet Strom have not been enalyzed yet, they m later
provide soe interesting Information on travelling voves associated vLth
strong wind velocities aloft and, perhaps, on n•O•-steb'd- conditions of le
waves and the interaction of travellin and statiorary- waves.

Surface measurements from obile observations. For the some period in
the spring of 1952 during vhich the- meteoriiiph ?fiihts were inaugurted and
the number of barographs were increased, special observations at hAlf aile
intervals were sade across Ovens Valley to about 7,000 feet altitude on the
Slerra slope. These observations were made by 1r. Joseph Knox on 1.1 days of
February and March, 192, and, since the were selective with respect to the
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synaptic sltuatimo, all of the cases prowl"e valuable data to be used in ccn-
junction with erial meaurments and/or other meteorological observations.
The data consist of readings of altILeter, aneroid barometer, thermoeter,,
ar em.. ter, and notes and photogrphb of the cloud pheoixena. The value of
tnese mwsuremnts has increased since the re-survey of the area and the recent

lictio bythe U. S. Geological Survey of detailed topographic mas with
foot contour Interval and a scale of 1:62,50. 0Analyses of thes observa-

tions are included In Chapter 4.

Weather lgs. Daily records of local mateorological observations
were kept by the iteorologist In each of the three field spamas. These rec-
ords contain notes on cloud developmnt, special pbenuia, and iaformation of
the overall synoptic events. On the days of project fihts these notes were
expanded and formalized into veather reports with sections on the upper air and
surface synoptic situation and developnt derived from walyzed meps. and s&I-
niflcant local observatioas. They also include lists of photographs or tlne-
lapse otima pictures taken, and the mmber and times of flights, thus providing
both a brief description of the weather phenena and the data available for
wtit+,y. St.ee *he,., 6bsovet.os oertend over n period& then those of the
actual field work - the whole year or 1) is taus iuvu•-e, - LL.L 2-iGn rw4e
additional records of the frequency and seasonal distribution of stosmm, le
wve occurrences, and other weather phenomena.

. tlo, data. The project had .coas to the daily observations
mae at the Bishop Airport and retained for special days the circuit "A" tele-
ty'pe records received at Bishop. The teletype data giving horly and 3-hourly
surface observations froe California and Nevada stations we" used for aalyses
of synoptic saps and cross sections*. any of thee data were also retained in
the foru of plotted and analyzed surface ms prepared daily by the project &aW
or Weather Pureau meteorologists at the Bishop Airport. Other analyzed m=pe,
such s the facsimile charts rectived at the Bishop Airport during the 1951-2
and 1955 field operations and the DaIly Weather Naps, were saved for knovledge
of the large-scale situations and their evolution. Sore climatological data
have been used for detailed case histories of particular strms, particularly
the precipitation records for studies of orogrq €ic rain and awsfall. An
ew ple of the latter Is given in Chpter 5 In a section entitled 14 lffect
of the Sierra Nevada on a Pacific Storm."

Some valuable observations at nao- ynoptic times we pavlded by the
Navy. At the two White Mountain Researc blaboratories of the A&vy and the
University of California at 10,500 and 22,.(0 feetr respectively, about 10
miles rmrtboest of Bishop, daily records of preessre, toerature, bualdity,
vlnd, and weather at 800 PM wm-e recorded. At the Naval Ordnnce Test St&-
tion near Inyokern, about 130 miles south-southeast of Bishop, once or twice
daily radlosoade and pibal soundiags wae smd. Those data, taken at 0300 Iff
and smetimes also at 1000 1MT, woze used with those fram 1000 -M at White
Mountain on the aproprlate 0700 ]IT (1500 OCT) lisbasIc u•er air charts of
Chapters 5 and 6 as aides in synthesizing the contour field in the area of high
mountains.

The primary source of data for the largc-scale synoptic studi•es were
the Upper Air Dullettas and teletype records of rob.s and rains received and
filed at U.C.L.A. 2b6 recion of luterest for periods chosen for oarefLql eami-
ysis was the whole western United States vith eq*asis on the area enclosed by
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the Weather Bureau upper air soiznding stations at Medford, Oakland, 3anta
Maria, Las Vegas, and Ely (Fig. 1.7). These upper air data for the 1951-2
analyses are fr-m 1500 GCT (0700 PST) and 0300 OCT (1900 PST), and the more
ntarly synoptic of these w'th reaspect to the time of the flight usually pre-
ceded or followed the flights by three to six hours. From I December, 1951
to I March, 1952 6-hourly radiosonde and ravin soundings from Castle Air
Force Base at Merced provided extrmely imortaxit measureents of the air floy
over the Great Vail.e! 1med4ately west of the Sierra Nevada.

Hoever, the iiost complete overall synoptic upr air coverage was
that of the spring of 1955 when the flight operations fortuitously coincided
with the series of atonic bomb exqeriments at the Nevada Test Site of the
Atcaic Iner•y Domission (A.B.C.). During the period frcm mid-February to
aid..-ay, 1955, the five Weather Bureau stations mentioned above took observa-
tions thrice daily at 1500, 2100, and 0300 GCT as did the additional stations
in the A.B.C. network - Stea4 Air Force Base at Reno, TCnopah, Fresno, and
Camp Mercury. The network vas further asoented by other radioewnde stations
such as Tim and Uiwards Air Force Base and six special A.E.C. pilot bal-
loon stations at Frnace Cr..ek, r'eedles, Round Mountain, Beatty, Callente,
and St. George. (See map, F_3*. 1.7.) In addition to the greater density of
the network and the more frequent observations in coq arisom with the relative-
ly sparse upper air coverage of 195.-2, the far greater nmber of wind data
as a result of improved equipe.t is strikiag7y evident. Thus the most
clplete data for tbe synthesis of the l1ree-sca2s patterns of air flow over
the Sierra Nevada are those from the 1955 se.son.

Colson, D. (1952): Results of Double-Theodolite Observations at BisoWp,
Cal., in Conrection with the "Bishop-waye" e . Bull.
Amrn. Het. Soc., Vol. 33, So. 3, PP. 107-116.

Holabo*, 3., ad Klieforth, f. (19>4): Final Report, Sierra Wave 2roject.
Meteorology Department, UniYersity of California, Los Angeles.
A.J.C.LC. Contract AF 19(122)-263.

lieftorthb, N. (1955,: Final Report, Movntain Wlave-Jet Strem Project.
Meteorology Department, U.C.L.A. A.F.C..C. Contract
AF L9(60l4)-l3C8.

Saud*k, V., et a" (1952): 3Muntain Wave Project Report No. 3, October, 1951,
to October, 1952. Southern California Soaring Association, Inc.
m.teoroloW Dspertmnt, U.C.L.A. contract Al. 19(122)-263.
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Z. WLA RMBzCTIOM fR OI

" trcAuction.

This chapter deals pr•marily vith the re&ctior. of the flight and track-
irg data from the 1951-2 season although the discussion of sailplane data re-
duction is equal,- nplicable to that of the later field seasons. The first
part of the story dealirZ with the tracking data from phototheodolites, radar,
= Raydist has been placed in an Appendix at the end of this report. Pro-
cedures and sources of error are liscussed there vith soe detail as the
experiencer gained vith this kind of meteorological high altitude trackirg
of erratic targets may be of spe:ial value to future research programs.
Belov are treated the sailplane measurements and the - ;tegptiol and synthesis
of cracking and airborne data into .Pricary, meteorological fields. Dhe rel-
atively simple and straightfoxn.urd reduction and correctior. of other data
such as that from the meteo..o7-anz, barogrn , and soundinp' will be di3cused
briefly in later chapters i.here pertiznent.

Airborne measurements.

Instruents and data. A .notsraph of the sa.1piant instrument panel
is shown in Fig. 1.5 =n, in Fig. 2.1 is shown a sazpie frame from the film
exposed during one of the fligh'.s. The insatentation and flight procedures
of the sailplanes have been di3cussed at len•th in previous reports; as a
resue of the weteorologicfl!y suigrificant instruments, their indicated read-
ings, and the degree of acturacy to which it vsa possible to record the
readings frcm the film, the fohloving table is presented:

Instru-ent Indicatel resAina Units Read to nearest

air speed indicator air speed knots, mh t 1.0 knot

clock time hr, min, sec ± 0.5 a

altimeter altitude feet *20.0 ft

rate of climb (or rate of climb feet rin" 1  t50.C ft min- 1

sink) indicator (or sink)

direction indicator magnetic heading degrees ± 1.0 deg

theroeter air teuperature °C ± 0.5 °C

All of the sailt!ane :ilms for dhich there vere corresponding track-
ing data were read and recorded. The total flight tine of the sailplane was
limited by the oxygen supplý, of 4 hours and the time *'.ring tracking
operations by the 1j hour film supply in the two cameras. These ii .itations
were allowed for in Planning the operation so that where there exist



tracking data vithout sailplane data the loss of the latter can be ascribed to
failures in the photography of the instrument panel; either the film failed to
UJ.umport or it was unreadable entirely or in part because of poor lighting or
because of interference by parts of the clothing of the crew. To each of the
above six instrument readings except the time, which was adopted ma the stand-
ard for the flight, a series of corrections was applied to obtain the quan-
tities needed for integration with the trajectory data.

Symbols and notation. The following symbols and notation apply to the

airborne measurements:

t time, indicated and "true" in hours, minutes, and seconds.

Vi indicated air speed.

Zi indicated altitude.

(dZ/dt)l indicated rate of climb.

SI indicated campass heading ir degrees.

Ti indicated free air temperature.

2ý pressure altitude in the U. S. Standaxd Atmosphere.

T temperature.

a geographical heading in degrees (true north - 3600).

VA true speed of the sailplane with respect to the air.

VA sinking speed of the sailplane with respect to the air.

w.I "indicated" sinking speed of the sailplane corresponding to VI.

A altimeter setting in inches of mercury.

ci altimeter correction for instrument error end hysteresis, a function
of altitude and direction of vertical notion.

C,% altimeter correction for static errors, dependent upon altitude and air

speed.

p density.

PO density at dea level corresponding to STP: 760 Mm, 00C.

Time. While the reading of the instrument panel clock gave the official
time to vhich all the other instrument rtadings vere referenced, correlation
with the 5-second pulses of the tracking netVork depended =n the time of the
blackouts. The latter, given usually every two minutes, were indicated on
the instrument panel by a small light which was turned on by the observer on
the count down from the tracking control operator. Since the cameras took



15

photographs at either one or two second intervals,, there vas the possibility

altitd reurdknweg of the altimeter setting useds the imtumat nt
cal-Lbration curvesp--two, according to whether the altituide vas InereasIng
or decre~aing--and the corrections for static pressure effect& which were
related to the air speed. Accardinglyp the flomu2a used was:

½zp Z +c1 +4c2 + 95 (29.92- A)

The altimeters were calibrated zt U.C.L.A. inediately after the field work.
Static pressure corrections were deteradned In calibration flights by the
Southern California Soaring Association (S.c .S.A.) and by laboratory tests of
the calibration equipment. Altimeter settings wee recorded by tLe abserver
and/or could be read from thle altimeter dial on the V'ila. 2ba were than
three calibration curves for tk~e altimeter,, two for cl, and one for c2 ; the
correction for altimeter setting was constant for the entire flight. In order
of magnitude,. c1 , which was as Uarge as +300 feet at 40..000 feet, was general-
ly larger than c2 vhicch varied from 0 to :!30 feet. The difference In kys-
teresis correction betveen accezt and descent vas of the order of 250 feet
at high altitudes. Th correction for altimeter setting vas smtiaes of the
order of 300 feet. Accuracy of the final result could not be definitely
kwwn but a careful estimate of possible random errors and the reading ac-
curacy suggest that the lar~gest absolute error would be *Wi feet at MeA level
and increasing to ±1130 feet at 40,000 feet. Relative errors from point to
point wee negligible except where the sailplane charnged ftva ascent to
descent or vice versa, and tuese disconatinuities were largely &simlnated by
sMoothing.

Tepraue One of the deficiencies of the sailplane instnamenta-
tion wam lýof a very accurate wad prweie thernoineter. 7hose used Iin

the project flights were of the thersocoUpl type consisting of a cpw
constant~x sensing element placed an the fuselage where dynamic beating
was negligible,, a thermo ice-in-vater bath, and an Indicator Udi al ich
could be read to the nearest 0. 50C. There wert three such Units Used, ali
of which were calibrated while zemved. from the aircraft &win& and aftar
the flight 555.500. 'jam uncertainty, of course'. exists about the effects
of airspeed,, radiat on, and low t.aeramturig of the Indicating sechmin.
D~ar ing the first few flights of the season a ho-pound thermistar..type, unit
vas used before Its weight caused it to be zinv'ed from the sailplanet. it
was considered accurate to *tC .20C and on ame flighrt wax s"in tgeether with
the most frequently used thermoouple imit, Tbese data provided a futher
chb~k and flight calibration of the latter. Considering the overall ac-
curacy, it Is estimated that the corrected tw~eratui-e is known to *l.5 0 C
absolute error; it is possible that in extreme cases the absolute accuracy
was less than this, say ±3.,DC,, but the intenaal. consistency of the readings
was better than this--probably :tl.0'PC--wAn the relative nccuracy 20.5ft.


