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PREFACE

The investigations of the air flow across the Sierra Nevada were
sterted at UCLA in the late sumer of 1950. Prelininary experimental
fleld 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 folloving season, 1951-52., This work was undertaken
Jointly by a number of cooperating agencies. The technicol aspects of
tie vork have been described in ecrlier technical reports. A surmary is
given in the final report of the Sierra Wave Project, Contrazt No. AF
19(122)-263 which was issued in July 1954, This report also discussed
the ~valnation and reduction of the observational data as far as it had

been completed at lhe Luic.

The further analysis of the observations and the synoptic ansuiyas.:
of the cross-mountain flow patterns vere 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 vndertaken under a seperate
project, Contract No. 19(GOk)-1308. The aralysis wes carried out Jointly
by Harold Klieforth and Eirar Hovind. The major part of the report which
describes and discusses tihe data reduction and the analysed flow patterns
has been viitten by Klicforth. The observed turbuience and the flight
hazards of mountain waves are discussed by Kuettner in Chapters 10 and
11, A reviewv of the linear theory of statlonary cross-mountein flow, in-
cluding comparison ol lie theoretical models with the observed flow

patterns is given in Chapter 12 by Holmboe.,
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1. TE GBSERVATIOHAL DATA

Introduction.

In this chapter is precented a review of the observations made on the
three field expeditions of the Mountaln ¥ave Project from 1951 to 1955, in-
clusive, All of the explorotions were conducted over and in the vicinity of
the southern or Righ Sierra in eastern California, The variocus equipment and
observational techniques, particulerly the use of sailplenes, have been dis-
cussed in detall in previous reports of The Southern Californis Soaring Associ-
ation (S.C.S.A.) in 1952 and the Meteorology Department of the University of
Califvruia at Los Angslos (U o Y. A ) in 105K and 1855. In the following soc-
tions are surmaries of the date with mention of where they are treated in
later chapters. A brief description of the study reglon is given first,

Physiography of the Southern Sierra and Owens Valley reglon.

. The Sierra Nevads is a single, uncoken mountain range with a length of
about 10O miles and a width varying from 30 to 80 miles (Fig. l.1l). Although
tle renge extends roughly northwest-southeast between latitudes 359 and kOO
Korth, the moin crest of the High Sierra which borders on Ovens Valley is only
about 14° from s north-south orientation. In this socuthern portion of the
ranze the crest is the highest, generally about 12,000 feet, and with mmarous
peaks rising over 14,000 feet. There the eastern scarp is most abrupt, it is
remarkably straight, and the Ovens Valley, to the east at an average elevation
of ebout 4,000 feet, is of nearly uniform width (Fig. 1.2).

In form, the southern Sierra profile 1s strongly asymmetric; its ap-
pearance has been likened to that of a huge ocean wave rolling in from the
vest. The western slope rises gradually in roliing foothills from the San
Josquin Valley to the Jagged peaks vhich form the crest of the reange. The
eastern front, one of the greatest escarpments in the world, towers high above
the Owens Valley. The San Joaquin, Kings, the Kern, and other rivers have cut
deep cenyons or the western slope while on the eastern siope there are shorter,
steeper canyors. The high country has been sculptured by glaciation and in
mary of the eestern valleys glacial moraines reach nearly to the Valley floor.
Volcanic activity has formed a slight constriction of lave flows and cinder
cones in the centrel poriion of the Owens Vallev.

The east wall of Owens Valley is the large fault-block range knowvn as
the Inyo Mountains to ihe south of and the White Mountains to the north of
7,000 foot Westgard Pass. The Inyo Mountains have an averege elevation of
9,000 to 11,000 feet, wvhile the White Mountains, rivaling the Sierra in height,
culininate in 1h,25% foot Vhite Mountain Peak just northeast of Bishop. The
wvestern slope of these desert mountains is a fault scarp at the base of which
the Valley reaches its lowest elevation. The floor of the ecastern side of the
Valley is falrly level but on the wvestern side it rises in a broad alluvial
apron to about 6,000 feet vhere it mects the steep flanks of the Sierra (Fig. 1.3).

Neor Bishop tnere 15 3 jog in the Sierrva crest; the highest peaks arc
much farther west and the Valley wildens considerably. In this, the northern
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Fig. 1.3 - A eerial view of the Hagh Seer.  from the esst. M. Whitaey 15 10 the ceater.
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end of Owens Valley, the Sicrra crest is about 25 miles west and the White
Mountains about 10 miles east of “he center of the Valley. In the centrel
portion of the Valley near Independence - the region in vhich the aerial ex-
plorotions of the Project vere made - the width of the Valley is about 10
milcs and the distance from the crest of the Sierra to the crest of the Inyo
Mountaius is about 18 miles (Pig. 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 measure lee side pressures and down-slope winds, the topography wvas
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 vhere toe classical fohn observations were made. The valley of
Independence Creek, west 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 instrumented sailplane. The greatest assets of
the sailplane for this work are its relatively slo flying speed, its in-
dependence of power, and its consequent ability to measure to a satisfactory
Jdegree of accuracy the vartical and horizontal components of the wind
velocity. It was the science and spert of soaring flight that first explored
and made known the gross structure of the Sierra Vave and whose observations
instigated the initial Sierra Wave Project. The use of the sallplanes in
project operations, their instrumentation, and the data obtained from these
flights have been discussed in Qdetall in earlier reports given 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 sailplancs were tracked i. fMipghts
in the lee flow of the Sierra by a netwvork of 3 photo-theodolites, a radar
set, and a Raydist system, Upwind, downwind, crosswind, and hovering runs
and combinations of thesc were chosen to traverse the various parts of the
lee wave flov according to their practicability under different wind and
veather conditions, The locations of the tracking devices and the region
over which the flights wvere made are shown in Fig. 1.,2. The Pratt-Read
sailplanes used (Pig. 1.4) were two-place, had &« wingspread of 50 feet, and
a gross weight of about 1,400 pounds. The principal instruments dborne bty
the sailplane were a clock, altimeter, rate of climd indicator, outside air
thermometer, airspeed indicator, direction indicator, and accelerometer
(Fig. 1.5). The dial of these instruments in the panel of the sailplane vere
photographed at intervals of one or iwo seconds by 16 mm cameras mounted
behind and to one side of the heads of the two-man crew (Pig. 1.6). Basic
equipment of the sailplanes included a pressure oxygen treathing system,
instrument-flight equipment, radio commmunication, barograph, ~nd, for the
crev, warm flying suits, paraciutes, and oxygen masks. The &~ . tracking
measurements of the 3 theodolites and the radar set were recor: &, gyn=
chronous photographs at 5-seccnd intervals of the corresponding ti » and
instrument dial readings. The Raydist tracking data were recorded as brush
recordings of the Raydist system's electronic sigpals. From 26 November,
1951 to 30 March, 1952 there were 24 tracking operations and of these about
S50 per cent of the cases have ylelded useful data for analysis. A complete
description of these data and their reduction are given in Chapter 2, and
the meteorological aralyses in Chapter 3.

N




Fig. 1., - Coban of Pratt-Reed i sh
gless canopy, sad control suck.“' plaae showing snstrument panel. plems-

Fig. 1.6 - Meer of sarlplane cabin showing twve 14 mm camerss, barogrophs,
betlery boxes, seat backs and showlider streps.
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The very bricf i.ela .easo. f.am 22 Marci to € April, 195% accomplished
two important results vhich laid the groundwork - or, more sppropriately,
"sirwork” - for the 1955 investigation. First, a cambined vave exploration
by & B~29 and s sallplane on 29 lMarch proved the feasibiliyy of a nev measur-
i.: techr.que, Secondly, a s&liplane flight on & April to 35,000 feet
altitude over the Ovens Valley and the subsequent cross-country fligat to
Las Vegas established the existence and movement of "jetlets” or travelling
vind spesd maxima. The decisions to use povered aircraft in a more extersive
rield program and to investigate the relationsihip of the mountain veve to
wind velocity maxima formad the basis of the plan for the newv project.

In the spring of 1955 sailplanes were again employed for lee vave
observations, some of which werc made in conjunction vith traverses by the
instrumented powered aircraft. The ui.n.pllne flights, vhich were not tracked,
obtained vertical velocity measurexents to be combined wvith the measurements
of temperaturs, air speed, pressure, and vind obtained by the powered planes,
There were three such combined operations and seversl other days on which lee
wvaves vere explored by sallplanes alone and for vhich soundings and cdbserva-
tions were tlus obtained. The majority of these flights reached altitudes
bigher than 4C,0C feet. L al the Uiights of all z:aous the sallplane
data consist of films of the inctrument Panel and the rerourts and ovservations
of the crew.

Povered aircraft data,

During the last two months of the 1952 season power plane flights vith
an attached meteorograph were asade in the lee of the Sierra. The P13 tow-
plane vas used, taking off before a )lanned railplane tracking flight, to
serve the dusl purpose of ascertaliing the surength of the dsveloping up-
drafts and collecting data in soundings and croas sections of the roll cloud
region. The standard alrcraft instrumesnts were included in the cbsexver's
cockpit panel. Other equipment installed wer: an oxygen bLreathing system,
radio cammunication, an intervalometer for recording time marks on the mete-
orogram, and a special theraistor-typs tharmameter with sensing element
mounted in the leading edge of one wing. Although it was attempted to treck
these flights with radar, t. e method proved impracticable and knowledge of
space poeitions was almost entirely dependent on the notes of the cbserver.
Tuere were 22 such flights made from mid-Pebruary to the end of March 1952
and of these about § provide data from lee vave and roll cloud developments.
The basic data are the neteorograms witn supplementary notes by the ocbservexr
giving synoptic records of time, altitude, temperature, air speed, rate of
clisd, compass heading, positions over the terrein, and infuimstion as to
vhen time marks were rade, the positions of clouds, and photographic data.
These cbservations are treated in Chapter 4.

In 1955 meteorograph flights were also used, but the prircipal con-
tributions of powered aircraft to vave exploration wvere the technigues
employed by the B-29 and B-4; of Prclect Jet Stream. These instrumented
veather aircraft, eariier used for burricane reconnaissance and jet stream
exploration, made coordinated flights with the sailplanes in strong lee waves
on three days in April, 1955. The traverses of these aircraft through the
mountain flov at sltitules from 20,000 to 40,000 Teet have provided the most
complete nsarly-synoptic cross sections of the mountain wvave including
important and hithertc missing data omn the structure of the flov upwind of the

7 obn i - it s NI I v e 7 ¢ 0 o g "
. -
-~




mountain rangs, in the ro.l loud region, and in toe stratosphere. Botdh air-
craft vere squipped vith the nev automatic navigation equipment vhich gives
continuous readings and recordings of the true vind, The rav data are in the
form of aerogrens, filx; of the instriment panels, vind measurements, and
nunes of e co~pliots. Th.se .ave been made svaillable to the Project for
integration vith the sailplane messwrsments snd the large-scale surface and
upper air cbservations of the region. Chapters § and § are devoted to the
metearolagical results of the 1955 field vork.

gloud photography .

A valuable supplement to the aerial messurements and synoptic ob-
servations is the file of motion pictures and still photographs of cloud forma~
tions and developmemts, JMost of the motion pictures weras taken by time-lapse
camaras in vhich {-ames were exposed at one or two second intervals thus arti-
ficlslly spe-3ing up the projected rate of cloud movement by 16 or 32 times.
Btudies of these films of wave ana ruil cicud devsiopueahe Llive eech irsight
into the time variations of the air flov. Also, the best sequences of thase
films have beel combined into docuxsntary films vhich have veen showm to thou-
sands of military and civilian pilois and thus have provided an educational
ssrvice of inestimadble vrlue, The still photographs - both black and vhite and
color transparencies - have bean used us an integral part of tlhe camplete
synthesis of the availadle meteorological data for all thy cases studied,

Since these photographs vere cupplamented by pertinent notes and are applicadle
to elamentary technigues of photogresmetry, thay pruvids information that is
also of guantitative valus, Illustrations of cloud phenomena appear in Chap-
ters 3, b, and 6,

Othey met-oyologionl cbservations.

Seversl types of observations and measurements other than aircrafrt
flights and cloud photography were mads in the 8ierra Nevada and Owens Valley .
region for the purposes of the Mountain Wave Project. Observations vhich were
of great importance to the synoptic studies vere availadble from the network of
Weacher Bureau and military weather stations in the surrounding region, Thesa
various types of data are listed and briefly discussed delow,

lot balloon s « One of the many valuadble contridbutions of
ihe Uatw%m.)oc! was the progrem of double-theodolite pilot
balloon wind measurements at the Bishop Alrport. These soundings were begun
in 1951, were taken twice datily gut 0700 and 1200 POT) during the 1951-2
season, and once daily (1200 FOT) in the spring of 1955. The data Lave bLeen
used for the synoptic study of the air flow over the Sierra, the change of the
vertica) wind profile in the nountain flow, snd as exhibit "A" of the errors
inherent In single-theodolite caxiputetions in regloms of large vartical air
cwrrents, The latter subject hac beeu treated Uy Ds Ver Colson (1952) of the
Weather Bureau, using some of the Bishop cbsaxvations. Several Biahop vind
soundings are reproduced in Chey .er 3 and an axasple of the effect of the lee
vave on the dalloo 's _uth is soowvm in Chapter k.

e T
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‘Radiosonde zscents from Sequois. Measuroments of the upper air temper-
ature, pressure, and rclative humidity over the vindward slope of the Sierra
vere mads st 1000 local time (PST) on 70 days of the pericd 5 Decsmber, 1951
to 30 Merch, 1952. The balloons vere rel-ssed from a station at Lodgepole
at an elevation of 6,750 feet in Sequois Netional Park by s teem of two
Weather Buresu obsexvers. During the latter half of the pericd vind measure-
menty vere made on days vhen the observer could follow the radiocsonde dal-
loon with a theodolite. Several of the ascents vere made near the time of
tracked sailplane flights and have been treated in the study of the disturbed
flov rather than as being representative of "upwvind,” i.,e., "undfisturbed,"
conditions. All of the 70 scundings have been studied carefully and analyzed
with other obsexrvations from surrounding stations since they provide rarely
obiainable dats from a high elevation for a gensral investigation of mountain
flow and in particular the flow over ths 8ierra. lodgepole soundings are
shown and discussed in Chapters 3 and b and the cbservations are plotted on
the synoptic charts of Chapter 5.

Burface messurements from racording inctrmentr. Surfrce Drevs.res
wiiw acksured in lybi-2 by seven barographs placed in various cabins in a
cross section of the floor of Ovens Valley ard the eastern Sierra slope in
the sailpiane tracking area. These provide continuous barograms for the
period 18 Kovamber, 1951 to 1 April, 1952, vith the exception of = few lapses
in the records of the highest stations wvhen these vere inaccessible because
of severe snow storms. Other data from recording instrunents of the 1951-2
Season are ansmograms f{rom Manzanar near the center of Owens ““alley and, for
the last six weeks of the season only, thermograms from Manzanar. It sy
also be added here that barograms and tharmograms were available from the
Weather Bureau station at the Bishop Airport and have been used for every
sesson of field operations. Surface msasurements for selected cases ars
analyzed in Chapter 4.

During the Mountai.. lave-Jet Stream FProject of 1955, no special baro-
graphs vere employed because of the unavailability of the instruments and the
lack of additional personnel to tend them. However, for the period 2k April
to 24 May, 1955 a special network of five sensitive pressure variographs wvas
placed in the foom of a large cross with the center at the Bishop Afrport.
Two of the other stations were on the esastern Sierra slope, one west of
Bishop, the other west of Big Pine, another vas in the Chalfant Valley north
of Bishop just west of Hhite Mountain Peak, and the fifth was east of Bishop
at Deep Springs in the lee of the White Mountains. These instruments re-
carded changes of pressure at a frequency of the arder of 10 to 20 minutes,
filtering out becth local gusts and pressure changes associated with the move-
ment of large-scale synoptic systems. While these variograms which are the
property of Project Jet Stream have not been analyzed yet, they may later
provide scme interesting information on travelling waves sssoclated vith
strong vind velocities aloft and, perhaps, on nuh-steady comditions of lee
vaves and the interaction of travelling and statiocary waves.

Surface measurements {rom mobile observations. For the same period in
the spring of 1952 during vhich the meteorgraph flights were insugurated and
the nurber of barographs vere increased, special observations at half mile
intervals vere made across Owens Valley to about 7,000 feet altitude on the
Siarra slope. These cbtervations vere made by Ix. Joseph Knox on 11 days of
February and March, 19352, and, since they were selective vith respect to the
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synoptic situation, all of the cases provide veluable data to de used in com-

Junction wit aerial measurements and/or other meteorological observatioas.

The data consist of readings of altireter, aneroid barometer, thermometer,

ar cnometer, and notes and photographs of the cloud phenomena. The value of

1aese measurements has increased since the re-survey of the area and the recemt
lication by the U. 8. Geological Survey of detailed topographic maps vith
foot contour interval and a scale of 1:62,500. .nalyses of these observe-

tions are included in Chapter &,

Weather logs. Daily records of lacal meteorological observations
vere kept by meteorologist in each of the three field seasons. These rec-
ords contain notes on cloud developmeant, special phencmens, and information of
the overall synoptic events. On the days of project flights these notes were
expanded and formalized into wveather reports with sections on the upper air and
surface synoptic situation and development derived from analyzed maps, and sig-
nificant local observatious. They also include lists of photographs or time-
lapse motion pictures taken, and the number and tines of flights, thus providing
both a brief deascription of the weather phencmens and the data available for
stidy. Since thess nhgevvations extend over longsr periods than those of the
actual field work - the wvhole year of 19%5 1s tous ceovesed -~ Lhs loge provide
additional records of the frequency and seasonal distridution of storms, lee
wave occurrences, and other westher phenocusna.

tic data. The project had access to the daily observations
made at the Bishop rt and retained for special days the circuit "A" tele-
type records received at Bishop. The teletype datas giving hourly and 3-hourly
surface observations from California and Neveda stations were used for snalyses
of synoptic maps and cross sections. Many of these data vere also retained in
the form of plotted and analyzed surface paps prepared daily by the project and/
or Weather Bureau meteorologists at the Bishop Alrport. Other analyzed maps,
such as the facsimile charts reccived at the Bishop Alrport Auring the 1951-2
and 1955 field operations and the Daily Weather Maps, vere ssved for knowvledge
of the large-scale situations and their evolution. BSome climatological data
have been used for dstailed case histories of particular storss, particularly
the precipitation records for studies of crographic rain and ancwfall. An
exsmple of the latter is givon in Chapter 5 in a section entitled "M Rffect
of the Sierra Navada on a Pacific Storm."

Some valuable cbservations at non-synoptic times were provided by the
Navy. At the two White Mountain Research laboratories of the Navy and the
University of California at 10,500 and 12,40 feet, respectively, abdout 10
miles northeust of Bishop, dally records of pressure, temperature, mmidity,
vind, and weather at N800 PST were recorded. At the FNaval Ordnance Test Sta-
tion near Inyokern, about 130 miles south-southeast of Bishop, once or twice
daily rediosonde and pibal soundings vere mads. Those data, taken at 03500 por
and sometimes also at 1000 FOT, wers used vith those fyom 1000 FOT at White
Mountain on the sppropriate 0700 POT (1500 GCT) iscdaric upper 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 large-scale synoptic studies vere
the Upper Air Bulletins and telatype records of randts wnd revins rece’ved and
f1led at U.C.L.A. The region of iutarest for periods chosen for careful amal-
ysis vas the whole vestern United States vith emphasis on the area enclosed dy

L Y o oew . - \ f
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the Weather Bureau upper air sounding stations at Medford, Oskland, Santa
Maris, Las Vegas, and Ely (Fig. 1.7). These upper air data fcr the 1951-2
analyses are fram 1500 GCT (0700 PST) and 0300 GCT (1900 PST), and the more
nearly synoptic of these w'th respect to the time of the flight usually pre-
ceded or followed the flights by three to six hours. From 1 Decswber, 1951
to 1 March, 1952 6-hourly radiosonde and ravin soundings from Castle Air

Yorce Base at Merced provided extremely important neasurements of the air flow
over the Creat Valle; immediately west of the Sierra Mevada.

Hovever, the nost camplete overall synoptic upper air coversge wvas
that of the spring of 1955 vhen the flight operations fortuitcusly coincided
with the series of atomic bomb experiments at the Nevada Test Site of the
Atomic Energy Commission (A.E.C.). During the period from mid-Yebruary to
mid-Hay, 1955, the five Veather 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 - Stead Air Force Base at Reno, Tonopah, Fresnc, and
Camp Mercury., The netwvork wvas further augmented by other radicsconde stations
such a3 Yuma and Edvards Alr PForce Base and six special A.E.C. pilot bal-
loon statious st Purnace Cr.ek, leedles, Round Mountain, Bestty, Caliente,
and St. George. (See mep, Fi3e 1.7.) In addition to the greater density of
the network and the more frequent observations in cooparison with the relative-
ly sparse upper alr coverage of 195.-2, the far greater number of wind data
as & result of improved equipme..t is strikiug:y ¢vident, Thus the most
completa data for the synthesis of the large-scal: patterns of air flow over
the Sierra Nevada are those from the 1955 season.
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ze DALA RSDATION PROCEIURE

I trciuction.

This chapter deals primarily wvith the reduction of the flight and track
irg date from the 1951-2 season although the discussion of sailplare data re-
duction is equally spnlicable to taat of the later field seasons. The first
part of the story dealing witk the tracking data from phototheodolites, radar,
anA Raydist has been placed in an Appendix at the end of this repart. Pro-
cedures and sources of error are liscussed there with sone detail as the
experiencer gained with this kind of neteorovlogical high altitude trackirg
of erratic targets may be of spe-ial value to future r-osearch programs.

Below are treated the sailplane measurements and the . .tegration and synthesis
of c¢racking and airborne data irto rrimary meteorological fields. The rel-
atively simple and straightfor-rard reduction and correctior of other data

such as that from the meteo.og-urns, barograns, and soundings will be discussed
briefly in later chapters :lerc pertinent.

Airborne measuremencs.

Instruments 2nd data, A pactograph of the sailplane instrument panel
is shown in Fig. 1.5 and in Fig. 2.1 is shown 8 sarple frane from the film
exposed during one of the fligh.s. The instrunentation and flight procedures
of the sailplanes have been discussed at lexgth in previous reports; as a
resumé of the meteorologically signiZicant instruments, their indicated read-
ings, and the degree of accuracy to vhich it wvas possible to record the
readings from the film, the following table is preseanted:

Instrument Indicatel reading Units Read to nearest
air speed indicatur air speed knots, mph 2 1.0 knot
clock time hr, min, tec t 0.9 s
altimeter altitude feet $20.0 rt

rate of climb (or rate of climd feet min~1 $50.C ft min~1
sink) indicator {or sink)

direction indicator magnetic heaiing degrees t 1.0 Adeg
thermometer air temperature ¢ ¢ 0.5 °¢

All of the sailrlane Jilms for shich there were corresponding track-
ing data were read anc recorded. The total flight tine of the sailplane vas
limited by the oxygen suppl, of 1& hours and the time during tracking
operations by the 1} bour film supply in the two cameras. These li .itations
were allowed for in planning the operation 50 that vhere there exist
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tracking data wvithout sailplane data the loss of the latter can be ascribed to
failur=s in the photography of the instrument panel; either the film failed to
trangport or it was unreadable entirely or in part because of poor lighting or
because of interference by parts of the clothing of the crev., To each of the
above six instrument readings except the time, vhich was adopted as 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.

21 indicated altitude,

(dz/at)y indicated rate of climb,

ay indicated compass heading ir degrees.

Ty indicated free air temperature,

zp pressure altitude in the U, S. Standard Atmosphere.

3

texpersture.
G geograrhical heading in degrees (true north = 360°).
Va true speed of the sailplane with respect to the air,

v sinking speed of the sailplane with respect to the air,

vy "indicated” sinking speed of the sailplane corresponding to Vi.
A altimeter setting ir inches of mercury.
c) altimeter correction for instrument error snd hysteresis, a function

of altitude and direction of vertical motion.

cA altimeter correction for static errors, dependent upon altitude and air
speed.

p density.

Po density at sea level corresponding to STP: 760 mm, OCC.

Time. While the reading of the instrument panel clock gave the official
time to which all the other instrument readings were referenced, correlation
with the S-second pulses of the tracking netvork deperded on the time of the
blackouts. The latter, given usually every two minutea, were indicated on
the instrument pansl by a small light which wvas turned on by the observer on
the count down from the tracking control operator, Since the cameras took
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photographs at either one or two second intervals, there vas the possidbility
of & maximum sbsolute error of one or two seconds, depending on vhich csmera
vus used, in correlating th~ saiiplane measurements vith those of the the-
odolites.

Pressure altitude. Determination of pressure altitude frox indicated
altitude required knovledge of the altimeter setting used, the instrumemt
calibration curves--two, according to vhetber the altitude was increasing
or decreasing--and the corrections for static pressure effects vhich wvere
related to the air speed. Accordingly, the formula used vas:

zp-zzocl¢c2+%(29.%-k)

The altimeters were calibrated zt U.C.L.A, immediately after the field work.
Static pressure corrections were determined in calibration flights Yy the
Southern California Soaring Association (S.C.S.A.) and by laboratory tests of
the calibration equipment. Altimeter settings were recorded by tlLs cbserver
and/or could be read from the altimeter dial on the film, There were them
three calibration curves for thLe altimeter, two for ¢y, and ome for cy; the

correction for altimeter setting was constant for the entire flight. 1In order
of magnitude, cj, which vas as large as ¥300 feet at 40,000 feet, vas general-
ly larger than cp vhich varied from O to 230 feet. The difference in hys-
teresis correction between ascent and descent was of the order of 250 feet

st high sltitudes. The correction for altimeter setting was sometimes of the
order of 300 feet. Accuracy of the final result could not be definitely
known out & careful estimate of possidle random errors and the resding ac-
curacy suggest that the largest absolute error would be $ho feet at sea level
and increasing to ¥100 feet at 40,000 feet. Relative errors from point to
point were negligible except vhere the sailplane charged fiva asceat to
descent or vice versa, and tuese discontimuities vere largely aliminated by

smoothing.

%ﬂu‘ « One of the deficiencies of the sailplane imstrumenta-
tion vas the of a very accurate and precise thermometer. Those used in
the project flights wvere of the thermocouple type consisting of a copper-
constant.n sensing element placed on the fuselage vhere dynamic beating

wvas negligidble, a thermos ice-in-water dath, and an indicator Aial which
could be read to the nearest 0.5°C. There were three such uniis used, all
of vhich were calibrated vhile removed from the aircraft during and after
the fiight sesson. Oome uncertainty, of course, exists adout the effects
of airspeed, rediat.on, and lov temperatures of the indicating mechanism,
During the first few flights of the season a MO-pound thermistor-type unit
vas used before iis weight caused it to be removed from the sailplane. It
vas considered accurate to 1C.2°C and on coe flight vas used together with
the most frequently used thermocouplc 'mit. Taese data provided a further
check and flight calibration of the latter. Considering the oversll ac-
curacy, it is estimated that the corrected temperatwie is known to $1.5°C
absolute error; it is possible that in extreme cases tle absolute accuracy
ves less than this, say $3.0°C, but the internal consistency of the readings
vas better than this--probably $1.0°C--and the relative rccurscy #0,5°C.




