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ABSTRACT

This report describes the high altitude clear air turbulence (HICAT)
measurements and meteorological correlations derived from Air Force U-2 flights
with emphasis upon the results achieved since 13 March 1967, the program
extension date. The program effort required the measurement of CAT velocity
components at altitudes of 45,000 to 70,000 feet in 6 geographic areas.
Instrumentation carried aboardthe U-2 consisted of a PCM System, an inertial
navigation systeni, aerodynamic and aircraft response sensors including a 'ixed
vane gust probe, oscillograph recorder, and a digital magnetic tape recrrder.Instrumentation capabilities permitted CAT measurements in the wavrelength

range from about 100 to 50,000 feet. The program objective was to determine
the statistical characteristics of high altitude CAT so as tc improve struc-
tural design criteria. In addition, meteorological forecasts and analyses
were to be correlated with the CAT measurements to improve CAT forecast pro-
cedures. In the Extended Program, 18.3 hours of high altitude CAT were located
and recorded in flights covering over 156,000 miles from bases in England,
Louisiana, Maine, Panama, Florida, and California. Actual vertical, lateral,
and longitudinal gust velocity time histories and power spectra were deter-
mined and analyzed. Peak counts of true vertical gust velocity and derived
equivalent gust velocity were obtained. A practical procedure for forecasting
high altitude CAT was developed. The pilot's log, gust velocity time histories
and power spectra, as well as flight tracks and meteorological descriptions of
all the tests appear in Volume II of this report.

Distribution of this Abstract is unlimited.
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APPENDIX III

APPENDIX III

HICAT FLIGHT TEST LOG

This appendix presents the HICAT Flight Test Log. The log documents for
each test the following information:

9 Test number

9 Test date k(Greenwich Mean Time)

* Test pilot

* Purpose of the test

• Duration of the test in hours and minutes

• Duration of any CAT encountered above 45.,000 feet in hours and
minutes

e Remarks describing significant test details, e.g., maximum cg
acceleration response in turbulence, aircraft or instrumentation
malfunctions, and other unusual events.

The log encompasses all the tests in the extended program beginning with
Test 180 and ending with Test 285. The log for the HICAT programs prior to
the extension are contained in Reference 4 for the Initial HICAT investigation,
and Reference 6 for the Redirected program.

A test appears in the log whenever the HICAT instrumentation package was
installed and operated. Flight times were normally established from the
quick-look oscillogram by determining the time differential between the
start of the takeoff roll and the end of the landing roll. When the oscillo-
graph record was incomplete or unavailable, the time was obtained from the
pilot's records. The time in turbulence or HICAT time was determined as
descrited under Editing in Volume I, Section V.

II
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APFMNIX III

HICAT FLIGHT TEST LOG

Fniot zrar
Timn TIN'e

Test Dae Pilot Teat Purpcse (KIrti) (Ir:Xin) Manarks

10 3-13-6T bAM& Ferry flight fro Ihsrds APS, 5:40 0:15 Light turbulence en route.
California to %ameco Field, Bedford,
"~achtuatta.

181: 315-67 Bedth Ferry flight from Namacon Field, T:00 0:02 .r ht flight over Atlantic. Gust
Bedford, )asachumettz to Bedford, J* .g vanes dawged during
Inegland landing in severe croesvind.

1 3-1.T-T Mesom KICA search fron Bedford, Englad 4:46 0:16 Ocillograph inoerative. Light
to moderate CAT "8,000 to 55,000
ft. PE Canberra at 38,000 ft

reported no CAT. IX-3 inoperative.

133 3-20-67 Bewth MICAT searh frrs Bedford, P.:land 4:51$ 0 Licht tubulence vas forecast.

181 3.21-4T Neos XICAT search from Bedford, IBgland' 5:12 0:06 No turbulence was forecast.

185 3-226T Sth MICAT search from Bedford, England 1:27 0:01 Zo turbulence va forecast.

186 3-26-6T Nseom RICAT search from Bedford, Vagland 3:54 0 Light CAT was forecast.

167 3.30-67 t ith lnctional cheek and MICAT search 2:42 0 New aircraft generator installed
from Bedford, England end checked out.

186 3.31-67 Neom RICA? search from Bedford, agland 1:29 0 n1ew over England and Scotland.

18 4-36T Smth RICAT *earch from Bedford, logland 5:35 0:10 Some light CMT. X-distance not
functioning.

190 4-4-6T Nason HICAT search from Bedford, England 5:1 0:14 Extensive turbulence. Several
10.4g acceleration peaks. Y-distance

not functioning.

191 4-12-6T Sth MICAT search from Bedford) Inglg-i 6:17 0 Flew over France and Italy. Y-

distance inoperative. No tape.

192 4-43-61 imon RICAT search from Bedford, ka.Zland 5:05 0:01, Negligible CAT. Y-distance
inoperative.

193 h-l"6T Smith MICAT search from Bedford, England 1:55 0:12 Flew over France. Light
turbulence.

19k1 1-T-67 Memn Ferry flight from Bedford, England T:33 0 Sparmo radiation counter failed.

to Manscom Field; Massachuetts

195 4-18-6T Smith Ferry flight, and MICAT search, from 4:02 0 No Sparmo spare available. HICAT
Ranscon Field, Massachusetts to Instrument package removed after
Patrick APB, Florida flight.

196 5-2-6T King ICAT search frm Barksdale AFB, 5:00 0:11 Pilot reported light to moderate

' Louisiana CAT. Time code generator failed,
no tape.

19T 5-3-67 Palmer MICAT rearch from Barksdale AFB 5:00 0:25 Light to moderate CAT reported.
Time code generator failed near end
of flight.

198 5-5-6T King HICAT search tion Barksdale AFB 5:45 0:51 First flight in cooperation with
Severe Storm Project at Norman,
Oklahoma, ±0. 5g reported over storm
north of Oklahoma City. Y-distance
and calibrator failed.

199. 5-8-67 Palmer ICAT search fram Barksdale AFS 5:14 0:35 10.4g reported over Austizs, Texas.

Y-distance and calibrator failed.

200 5-9-67 King HICAT search frca Barksdale AFB 4:02 0 Negligible CAT.

201 5-10-67 Palmer HICAT search frn'Barksdale AFB 1:25 0:06 Severe Store flight 12, light CAT
en route, moderate CAT reported over
storm. Oscillograph calibrator
malfunctioned.

202 5-12-67 King HICAT search frc Barks,Lle AFB 1:38 0:21 Severe Storm flight 13. Severe to
extreme CAT reported, ±0.8g cg
acceleration peake. Calibrator
failed before flight - removed from

circuit. X- and Y- distance

inoperative. Run of 270 seec of
moderate CAT below 1000 ft.

2



APPENDIX 132

HICAT FLIGHT TEST LOG (Continucd)

light UcM
Tim Time

Test Date Pilot Test Purpose (Nr:iua) (Ir-i) 3-ski}
203 5-15-67 Palmer RICAT search from Barksdale AFP 2:10 0:01 igine fameout 31 xda after

takeoff: Restarted engine fti
returned to bese for engine eek.
L tUMMts Operatioal.

20 5-15-67 Palmer sICAT search fron Barksdale AFA 3:2T 0:1% Damagd -ame prior to this
flight. X- and Y- distance
inoperativs.

205 5-16-6T King rCAT search from Barksdale APE 5:2h 0:.3 7- ma Y- distace Imp rutbe.Pio rpte omlkaroble 20O.g
Pl acelerateo peks.

PD6 5-17-67 Palmer RICAT search from Barksdale AYR 3:48 0:02 15-3 cout- r*pie prd to
fligt. X- nad Y- distance
inoperativ.

207 5-19-67 King HICAT search from Barksdale APB 3:00 0:09 L5-3 platf rplaed prier to
flight. Severe stom fniht 91.
Tape recorder off during first
1-hr and 15 min of flight, 3310-
C tim code J eddw". X-
distance =mal tting. X!aralte

208 3-22-67 King HICAT search from Barksdale APB 4:13 0:05 Dmged .- v=e discovered-
dmaged prior to Tet 4%. 111r0C
time Ju~ed absed 1 howii at eqAe
start. X- and T- distmee inoper-
ative. Pilot reprted light
turbulence.

209 5-24-67 King HICAT search from Barksdale APB 2:17 0 Damaged a-vane replaced before
fligt. No tutimnc, r

SX-distac Inoprative.'otd

210 5-25-67 king HICAT search from Barksdale APB 3:42 0 Pilot reported so light and very
liht turbulence. X- mad 1-
distance inoperative.

211 5-26-67 King Ferry flight fru Barksdale APB, 3:36 0:01 3egligible CAT. X- 6&d Y-
Louisiana to Edwards AFP, distance inoperative.
California

212 6-18-67 Smith Ferry flight from Edwards AFB, 6:20 0 'osemont altitude not installed
California to Loring APB, Maine for this flight.

213 6-26-67 King HICAT search from Loring AP 3:57 0:01 Pilot reported sae liht, 120.l
turbulence.

214'  6-22-67 Smith HICAT search from Loring AFB 4:3T 0 Pilot reported one very liht
encounter.

215 6-23-67 King HICAT search from Loring AF 3:35 0:05 Vernier altitude failed during
flight. Pilot reported
encounterug light and very light
turbulence.

216 6-27-67 King HICAT search from Loring APE 4:25 0 Engine flmeout at 1649Z, 11-3,
oscllograph and tape recorder
were turned off at this time.
Vernier altitude failed during

flight. Pilot reported two very
light encounters before the
flimeout.

217 6-29-67 Smith HICAT search from Loring APB 4:51 0 IRI-C time .Jumpod ahead 30
amn during power ",ransient
prior to takeoff. Fine altitude

inoperative. No turbulence
reported by pilot.

216 6-30-67 King HICAU learch from Loring AFB 4:25 0 No turbulence reported by pilot.
Calibrator malfunctioned. Y-distance in error.



HICAT FLIGHT TEST LOG (Continued)

Flight HICAT
Tim Tim

Test Date 'hiint Tcst Purpose - - (Erin) (-r:Min, Remarks

219 7-5-6T 2-th 11CAM search frm Loring APB 4.:24i 0:05 Pilit reported some very light
patches .of CAT. Vernier altitude
failed. y-distance in error.

20 T.-6,6T King XI.A! search fro Loring ATI 3:48 0:13 Pilot reported sme light turbu-
lence. Vernier altitude operated
satisfactorl.

T -T-6T Sith ACM search from Loring AIS 3:.5 0:01 Flmeout occurred and system vas
shut down. Pilot reported same
very light turbulence. Vernier
altitude failed.

222 7-I6T Smith 1ICAM search frm Loring AFB 6:00 0:04 Light turbulence. Osciflogrkph
recorder doubled its speed in
flight and timing lines were
erratic. -distance in error.
Run of 2.25 sec of moderate CAT
at.1000 ft.

223 T-16-6T Smith Ferry flight fin Loring AF, 6:15 0:03 Very light CAT sample at 53,000 ft.
Maine to U&ards AFB, California

224 7-18-6T King Ferry flight from ,dvarda AFB, 5:30 0:13 LX-3 malfunctioned, no IN-3 data.
California to Patrick AFB, Florida Oscillograph record lost.

225 T-20-6T King Ferry flight from Patrick APB, 3:35 0 L5-3 malfunctioning. No
Florida to Albrook APB, Panama turbulence.
Canal Zone, Panma

226 7-2-7 King HICAT search from Albrook APB 5:30 0 No IRIG-C time code on oscillo-
graph. No timing lines. Vernier
altitude alfunctioning. CO
lateral and longitudinal accelera-
tion noisy. 1-3 malfunctioned,

22T 7-25-67 King H;CAT search from Albrook APB 3:17 0:1I Heading sine and cosine malfunc-
tioning. Light CAT encountered at
about 57,000 ft. Y-distance in
error.

228 7-27-67 King HICAT search from Albrcok APB 4:05 0:44 Many long samples of light CAT.
Y-distance i. error.

229- 7-28-67 King HICAT search from Albrook APB 3:30 0:02 Very light turbulence. Y-distance
• In error.

230 7-31-67 Smith HICAT search from Albrook APB 4:00 0:04 Heading sine malfunctioned. Very
light CAT.

231 8-2-67 Smith HICAT sear.' from Albrook APB 5:00 0:27 Extensive light to moderate CAT.
15-3 malfunctioned.

232 8-4-67 Smith HICAT search frm Albrook APB 4:00 0:16 A long sample of moderate CAT at
50,000 ft. Y-distance in error.

233 P-7-67 Smith HICAT search from Albrook AIB 4:00 0:33 Moderate and severe CAT encountered
above a thunderstorm. Peak cg
incremental acceleration of approx-
imately 1.0g.

23 8-8-67 Smith HICAT search from Albrook :4B :10 0:02 Light turbulence at approximately
48,500 ft. "Y-distance in elTor.

235 8-10-67 Smith HICAT search from Albrook AF 3:30 0:09 No IRIG time code - time in turbu-
lence is tstimated. X- and Y-
distance in error.

236 8-.1-67 Smith HICAT search from Albrook AFB 4:30 0:18 Sanpling rate inadvertently set at
20 sps. Some long samples of light
CAT.

237 8-14-67 Smith 3ICAT search from Albrook AIB 5:05 0 No turbulence encountered. (Samp-
ling rate is 20 spa).

238 0-17-67 Smith Ferry flight from Albrook APB, 6:45 0 No turbulence encountered. (Samp-
Panama Canal Zone, Panman to ling rate is 20 sps).
Edvards AD, Califernia
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APPENDIX Iff

HICAT FLIGHT TEST LOG (Continued) -I-

nigaht XO

Time TIM
Test Date Pilot Test Purpose (r:Nn) (r:-tn) ICA ! r•s

239 9-5-6T Palmer ECAT search from Edwards AFS 3:2 0:03 Coarse altitude iye 071
;engrp. (sapn r-at_,i '
20ap).

240 9-8-6T Johnson Ferry flight fromn Edwards AFB, 5:22 0 Aileroa and rudder position have
California to Patrick APB, Floriia an extremely high noise level

(sampling ratWis.20 spe).
241 9-11-6T Johnson HICAT search from Patrick AFB 5:35 0:11 Very light CAT at 63.00,ft. Tape

not salvageable due to itermit-r
test fa!2ure of airoorne digitql
record amplifier poir styply
(sapling rate L120 ape).

242 9-12-6T King wCAT search from Patrick AFB 3:54. 0:15 bGnormal acceleration-ve
inoperative an oscillograph.
Turbulence st &o00 vnd 6T,000 ft'.
(Sampling rate is 20 spe).

243 9-1-6T Johnson HICAT search from Patrick APB 2:51 0 Erronou sample rate creted.
Vernier altitude - unstable step.
ping. Ocillogrmph indicated
failure of cg normal acceleration
fo' A m2in and coarae altitude
for 29 sin.

211 9-l5-6T John Jn HICAT search from Patrick AFB 4:04 0 Excessive noise on elevator,
r..Ieroa, and rudder poltion.
Vernier altitude unetable when
stepping. CO normal" ecleration
Shifts level interilttently.

245 y-18-
6 T Mason HICAT search from Patrick APB 3:05 0 Tape not salvageable. Intermittent

failure of digital record eplifier
power supply. a) normal acceler-
ation Inoperative.

246 9-19-6T Mason HICAT search from Patrick AFB 4:10 0 Tape not salvageable Intermittent
failure of digital record emplifier
power supply. Y-distance In error.

247 9-20-67 Mason UICAT search from Patrick AB 6:11. 0:28 Turbulence from 58,000 to 63,000,
ft. Tape how areas of bad parity
indication. Turns were-made during
portions of the turbulence.

248 9-21-67 Johnson RICAT search from Patrick APB 3:24 0:07 Tape not oalvag.able. Intermittent
'ailure.of digital record amplifier
power supply. Turbulence at
52,000 ft.

249 9-25-67 Basquez HICAT search from Patrick AFB 4:34 0 Turbulence from 25,000 to 40,000
ft, woe higher.

250 9-26-67 *ngon ICAT search from Patrick AFB 3:50 0 Iloise on aileron position. Vernier
altitude - unstble when stepping.

251 9-27-67 Basquez HICAT search from Patrick APB 4:08 0:09 Possible long wave CAT at
59,000 ft.

252 9-28-67 Mason UICAT search from Patrick APB 5:21 0:27 Elevator movements during CAT.
Pos ibly ipcae long wave CAT.

253 9-29-67 Basquez HICAT search from Patrick APB 4:54 0'08 Coarse altitude inoperative. Some
elevator aud aileron movement
during CAT.

251 10-2-67 Basquez HICAT search from Patrick AFB 4:02 0:02 Vernier altitude - unstable when
stepping. Uneven, patchy CAT.

255 10-3-67 mason Ferry flight from Patrick APB, 5:10 0 No CAT encountered.
Florida to Edwards AFB, California

256 3.-i-6T Johnson HICAT search fron Edwards All 1.:33 0:05 Excessive noise on platform
vertical acceleration. Coarse
altitude was in error throughout
flight. Very light turbulence.

/ ]
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HICAT FLIIT TEST LOG (Continued)

SrUght HICAT
Time Timd lCA s. ~ 1pea fro :z:ard A35 0:23 Noise anrrpoeftion. Exton

.... sive codification Interfe~ince
durin turbulence runs., Contains

: - a 255 sec run In moderate to
severe turbulence beo 5000 ft

altitude.

11C-e0seareb from Edwarda cF 5:03 0:17 Ligbt to-v;:derate turbulence at
about 54,C00 ft altitude.

239 1-21.67 iWim, -UCTsSr&i from Edvards AYS 3:36 0:5 Msl g, uruec t5,0

266, '#,2 2-4 ing, k -ca search fro Edwards Aps 2:30 0:02 Nlight nigtht. Flameout caused

noisy. Ver lence frbm8etoe0

acceleration peak of t 0.4g.

263 11-30-67 King RICA search from Edwards APS 3:22, 0:01 Might flight. Very little CAT
encountered.

6" 11-3064T Maon HIC search frn Edwards AID 4:56 0:37 Contains 9 min of moderate to
sever CAT Including Pne 6-amin
saple. Peaks of i 0.65g incre-
mentsl cg acceleration were
encountered.

265 i2-1-6T Jobhso u -sevur from-Edvards AFB 4:25 1:09 Night flight. Longest run was 325
sec. Maximun acceleration peaks
were 10.65g. CAT encountered
varied from very light to severe.
Extensive noise on heading sine and
cosine and on aileron poition. No
timing lines on the oecillograph
but;the time code was operative.

266 22-1-6T Smith HICAT qearch from Edwa-da AFB 3:A8 1:02 Severe tu,.W.ulence run vith + 1.0,
- 0.7g Tnwr-t-.tal peak. To run
of 7-1/2 min dumtlon were also
encountered. Exter.ive noise on
aileron, rudder, and e-levatorposition, and heading sine and
cosine.

267 12-2-67 Nton UICAT search-frcm Edwards AFS 4:35 0:51 Night flight. Longest run vm 455
se.Turbulence was moderate to

seve~re. Maximum ag incremental
acceleration was ± 0. 6g. Rudder
position noisy. Extensive noise
on heading sine and cosine.

268 12-2-67 EBqsuez HICAT search from Edwards A E 4:37 0:09 Maximum cg acceleration increments
of ± 0.3g. Extensie noise on
heading sine and cosine.

269 1-30-68 Smith RICAT search from Edwards AFS 4:59 0:05 Light turbulence. Oscillograph
indicated failure of cg normal
acceleration.

270 1-31-68 Johnson HICAT search from dwards AFB 3:28 0:05 Control pulses and roller coasters
on this flieht. Very light
turbulence.

271 2-1-68 Palmer HICAT search from Edwards AFB 4:57 0 No turbulence.

272 2-2-68 Mason HICAT search from Edwards AFD 3:41 0 Night flight. No turbulence.

273 2-2-68 King HICAT search "-az Edwards APE 5:18 0:02 Very little turbu".ence encountered.

~ 6
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HICAT FLIGHT TEST LOG (Continued)

light UiCAT
Ti M Tim

Test Date Pilot Test Purpose (r:Jin) (Hr:Xin) Remarks

271 2-5-68 NMon MCAT search from Edwards AFB 3:20 0 NqgLlble turbulene. CGlitral
acceleration noisy a Ols

275 2-68 Xing wTICAT search from Edwards AFB 3:40 0 N1o turbulence.

276 2-8-6b xUi ICAT search fro Edwards AFB 4:17 0 10 turbulence.

2a 2-9-8 Mason HICAT search from Fvards APB 4:10 0:06 Light turbulence encountered.
Some intermittent noise on -cg
normal acceleration on cacIlogla
trace.

278 2-12-68 Palmer HICAT search from Edwards AFB 2:53 0 No turbulence.

279 2-AI-68 Smith HICAT ceb,,ch from Edwards AFB 5:55 "0:O4 Light turbulence. Ertensive cam-
mnic&tioc interfezence on oscillo-
graph and Ptq.

280 2-15-68 Masor ICAT search frm Eduards AFB 6:08 0:43 Poderate to seven turbulence with
some peak Incremental accelerations
of ± l.0g In Mountain wave In
Denver area.

281 2-16-68 Johnson HICAT search from Edvards APE 6:16 0:06 Some light and aderate CAT in
Denver area. Your altitudes
sampled, 50,000-59,000 4t. Control
pulses and roller coasters
performed.

282 2-19-68 King HICAT search from Edwards lE 5:1.5 0:10 Some mderate turbulence with peak

Incremental accelerations of 10.55g
in Denver area. Three altitudes
sapled, 50,000-62,009 ft.

283 2-26-68 King HICAT search from Edwards APB 5:42 0:02 Four altituds sampled, 53,OO0-62,200
ft in Almosa, Colorado area.
Light CAT only.

281 2-28-&68 Palmr HICA search frau Edwards AFS 3:147 No signii.znt turbulence.

285 2-29-68 King Inst-mentat'in check flight trcm 3:29 0 n1ev side-by-side idth Canadian
Edwards AFB NAE T-33 fim Las Vegas to Grand

Junction. This po"tion of the
flight vas below 15,000 ft.

~* j19; =.73 820
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In general, gust velocity tire histories are presented for all cases in which
gust velocities were comted and satisfactory power 'spectra were obtaed
and plotted. These time histories appear on the following pages in order
by test and run number. For a particular test and run, the first left hand
page presents time histories of the first 360 seconds of the vertical, lateral,
and longitudinal gust velocity co-gioents, derived equivalent gust velocity,
corrected pressure altitude, and ambient air terimeratr e. The right band
facing page presents the corresponding 360 seconds of the true airspeed,
roll angle, aircraft heading*, elevator position, cg longitudinal acceleration,
and cg nozmal acceleration. For longer runs the sequence described above is
repeated in 360-second increments until the enA of the run is reached. Each
page is labeled ith the test number, run number, date, and base of operations.

Also included in a separat- block are the number of data points plotted per
second, the numerical filter p!-s band, and the start of Uu-, ren in Greenwich
mxe. time.

The basic time scale on the plots is 10 seconds per major division. The
parameter scales can be determined from the individual plots. Normally they
are as follows:

Parameter Scale per Mjor Division

Vertical, lateral, and 20 ft/sec
longitudinal gust velocities

4 fDerived equivalent gast 10 ft/sec.
velocity

Corrected pressure altitude 1000 ft

Ambient temperature 50 Celcius

True airspeed 20 ft/sec

Roll angle 5 degrees

Aircraft heading* 5 degrees
Elevator position 2 degrees

CG longitudinal acceleration 0.05g

*Tests 180 through Test 205 show cg lateral acceleration instead of aircraft

heading.

8
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H AF WLX IV

Par~caeter Scale poer Mae-o Division

3 0;~C lateral acceleration .g

* 0; vertical aeleatum~ 0-50g

in those cases where t-e va-riatin of a areter was umusualy large, the
pua_,Ug prcgra xt tca!y selects te neoc larg er ca tgle scale. M e

change of scale l gic cmsid--s only tue parameter at .,o.--ccurrixg in.,.
360 seconds so tea in a few cases a xcale change will occur in the =id--e
of I-ran.

in all cases, ldenfs were rem=ci fra= the tre gust; velociy c ments
as wel as the elevator position. Since the line-a trend of the latter reas-

unt is ne , the etec is o ainin I the e levater anglej ec~s~~s -j lte to zer.

Me letter code folowing the gust velocity cc=onent label identifies the
=zeasure=,nts used in the gus velocity dete _nation. If the letter code

begins with a ".Fn, then inertial platfo=m easuremnts were used If the
initial "P" iz absent then cg or gust probe (GP) accele 4 ions were integrated
to obtain aircraft translational velocities and angular changes were obtained
frnc integration of gyro angular rate =easuL_-nts. 0-is latter carutation is
used Vuen the platfs measurements are unreliable because of scme malfunction.

Zese cases are identified by accelercmeter location, i.e., either CG or GP.

In a few cases, instrument malfunctions occurred. Some of these are evident
in the ti=e histories. For example, the elevator position potentiometer was
occasionally noisy as manifested by the random spikes of Test 205, run 10
(Figure 14) and Test 266, run 32 (Figure 4o). Niota a-so that the spikes
sometimes cause the plot to be resealed with a resulting loss in elevator
angle resolution. To avoid confusion, known instrument malfunctions appear-
ing in the time histories are so labeled.

9i.I
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APED3 V-

GUIT VWOIT POME SPECTR&

Outvelocity- pov# e ctr foxr qualifying CA ini* are presented-ini order

spectra computed from gust vel ocitytimie 'hsoiiwith linear trends removed
as described- in Appeadix II, Volume I.

The spectra labels are- somewhat abbieviated and reqx4r6 explanation. 'The,
ffirst three: digits, afte? "Test" are the t4-est number. The fourth-end, when

re ed th it igit comprise the-iun number. The next two letters
indicate the base-where the -test flighV originated, -as follows:

HKd - Hanscom Field, Befr, 0sahusetts, U.S.A.I

BD - RylAircraft Est.6olisimenti, Bedfoid, England, U.K.

BK-Barka-dale AM, -Shreyeport, :Oa'isiana, UhS.A. i
LM - Loring AFE, Limestone,. Maine,'U.S.A. I
PC ,Albroo Anb,. Balboa, Canai Z'one; Panam I
-PF *;- Patrick AEB,- Codda.,Foi~,USA

EC - Edwards AFB, Edwadrds, Caiitbrnia, US.A.

jthe next two digits are the altitude in- thousands o~f feet followed by, three
digits' designating the true airspee d 'in afeet per, seconid. The 'Start Time"l
is the moment the run began in h'oiurs, minutes, and seconds,. Greenwi~h'time.
"Duration!'-f" u length is iniihinut~s aiid seconds. The "1Nb. Lags,' Is the
number of separate -testimaites cc~nprising the ~spectrum. nTe "Time Inqr."'is
the time between data. samples i sec'onds. "ko. Points"i is the number of data
samplis in'the run.

"Deg Freedom" is the number. of degrees of freedom contained in the data run
and is used to-evaiuate the ztatistidal reliabilityr of the spectrum. 'For
isatistical reliability, tn~f."DegFreedom" should be large, preferably 80 or
miie. For 80 degrees of freedom, one may say that four out of. five times,the
measured' -spectrum is within' -20 percenit of the. "trae" long texm average
spctrum. 'The' confidence band at the 80 percent confidence level corresponding

to a specific number ofdegrees of freedom is shown in Figure 73.

*Edited runs of sufficient gust-intensity to produce RMS 2 gust velocities of F
1.0 ft/sec or more,-.

S P 1.82
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"N' IE~ I~ VED

IL I I .-

Figre 3.~Eigty ercntConfidence LUmits asa Funtiono

'Degrees 6f Freedom

"Wind" refers to -the average wind dire~ction-and spied during the run. Follow-
ing meteorological conventon-b -th: wind- direction i-s -measured from true, north
to the directioni from which the wind is blowing. The sill diagram shows the
wind direct ion with respect to th aircraftligiht direction. When wind'infor-
matiA1n wa4s unavailable, the space was left ,blank.

:1 The Iroot mean square (=Os gust velocity value (in ft/se6) of the -vertical]gust. y!locitk, spectrum is tibulat~e4 in the lower left corner, folowed. by,
other ~~~,ins valuescirpodg to, the various wavelength ,cutoffscotid

within the spectrum; these cutoffs are, designated ini thousands - of feet by-the
numbers following the abbreviation BW,1,i.e., 10-refers -tc 1,0-f uof
2 refers to a 2000-foot cutoff, etc. Similar infornation for the lateral and'
longitudinal components is also presented.

Note that several non-HICAT spectra are presented in this section for r~eference
and comparison. The figures foi' tests 202-10, ?0?-l0, and 257-15--preseit,
examples of very- Jow altitude spectra obtained from U-2 landing approaches in
moderate turbulence. Test 285-7 (Figure 148) shows spectra for a shbrt patch,
of light turbulence ~encountered at about 42i0OO ft in side-by-sid6'flight-with-
the gust measuring T-33 of the Canadi an National Aeronautical Establisliment.
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Figure 74 Gust Velocity Pow;erb Spectra Thr Test 180, Run 2
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METEOROLOGICAL SUMMARIPS OF TESTS

' Meteorological summaries are presented herein for all the HICAT tests in the
extended program beginning with Test 180, with the exception of the 20 tests*

A analyzed in detail in Section VI, Volume I. A complete meteorological summary

is presented on two facing pages. It consists of a flight track matp and the
flight su~mm-ry on the lefct hand page with RAOB charts of temper e versus
pressure for 3 stations and either a TO, 100, or 200 mb chart of winds and
temperatures on the right hand page. For consistency the test date and time
are given in Greenwich Mean Time.

IThe flight track maps are derived from the tape recorded LN-3 inertial navi-gation data. When this information was defective or unavailable, the pilot's

notes and debrief data were used to establish the flight track. A complete
map shows not only the aircraft track but the location, run number, and
approximate length of each high altitude CAT encounter, Turb.'lence intensity
is indicated by the following:

0 a coded subjective evaluation (VL-very light, L-light, M-moderate,: S-severe)

* the root mean square deviation of the derived equivalent gust4 velocity, i.e., RMS Ude

* the RMS-2 vertical gust velocity (in all cases where the power
spectral density was computed).

All the maps show test number and date together with the Greenwich time of the
takeoff and landing. Since meteorological charts were used to plot the tracks
and flight weather data, only place names of radiosonde observation stations
are indicated and then usually in code. The code letters and the stations
and/or cities designated are listed in the front of this volume.

Immediately beneath the track map is a flight summary. The summary describes
the meteorological aspects of the flight together with pertinent pilot
observations. A brief meteorological analysis is also provided based upon
the RAOB charts and the chart of winds and temperatures.

*Tests 202, 204, 218, 220, 233, 247, 264, 265, 266, and 280.
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TEST 180
23 March 1967, 1810-2350Z

Ferry Flight from Edwards AFB, California to Hanscom Field, Bedford,
Massachusetts, U.S.A.

FLIGHT TRACK

am CAT Um$ITT

1L L
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LliFLIGHT SUMARY

The 1800Z, .3 March 1967 surface chart, which was about one and a half hours
prior to the turbulence encounters over Utah and Colorado showed a low pres-
sure center over Wyoming with fronts extending southward to Oklahcma touth-
westward to California and northwestward to Washington.

There was considerable weather occurring over the Rocky Mountain region.
Aloft, the 1200Z, 200 mb chart (about eight hours prior to the turbalent
encounters) showed a 100 to 120 knot jetstream flowing southwest-northeast
across central Nevada, Utah and southern Wyoming. Position extrapolation
would place the jetstream almost directly beneath the U-2 for the entire
flight from Edwards Air Force Base, California to Hanscom Field, Massachusetts.

The flight track indicates that the aircraft encountered moderate to severe
CAT while over the Grand Junction, Colorado area and moderate CAT near Denver,
Colorado and Omaha, Nebraska. At the post-flight debriefing, the pilot statel
that the top of the turbulence was about 63,000 feet. The lower boundary of
-the turbulent layer was not determined.

Note the 1200Z, 70 mb analysis shows a thermal trough along the INW-ELY axis
with wind flow across the isotherms in the Utah-Colorado area. The 1200Z RAOB
analysis shows a large vertical temperature gradient (30C/1000 feet)over Denver.
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110B CHARTS (:I200z, 13 1,%, 1967)
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!xEST 181

15 march 1967, 06o6-13o6z

Ferry flight fromu Hanscom Field, Bedford, Massachusetts to Royal Aircraft
j Establisbment, (RAE), Bedford, England, U.K.

FLIMif TRACK

HfANSCOM FIELD

262e



RAOB CHARTS

Data not obtained. °

I, -

70 MB TEMPERATURES AND WIelD CHAWT

Data P,)t obtained.
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TEST 182

17 March 1967, IO0o-1k6z

Royal Aircraft Establishment (RAE), Bedford, England, U.K.

FLIGIT TMACK

M , I ,- 'C A T. I, M I v Y,
W l -. WAS U p)i2 s EWC

OD LODT

3 I12 -VANG ER
4 IL-14 L4d L39 o0

.
10

6 IVL-L (L30O,
k ' I W-S Z 6 Z 15

. 3.

FLGHTS MXR

IMR- 00100 lIT T

ThWaec90 me s0 Fe a
13" ODE NILT

FLIGHT SUNAARY
This was the first flitht out of England after arrival at Bedford from the
States.

The 1200Z surface chart showed a 960 mb low pressure system centered about

300 nm north of the Scottish mountains with a cold front trailing southward
and lying across southe'n England.

The surface front passed through Bedford shortly after the U-2 took off
(o1000z).

A st~zng wsoterly flow at all levels from bhe surface to 50,000 feet was
present over northern Scotland:. A 300 mb ,jetstream was oriented west to
east directly over the highest mountains.

The British Canberra flew essentially the same course as that planned for the
U-2 at flight levels 30,000 - 35,000 feet.

The HICAT aircraft encountered light to moderate turbulence. The Canberra
pilot reported none.
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RAGB xHARTS (J200z, 17 mar 1967)
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TEST 183

20 March 1967, 0938-1431Z
Royal Aircraft Establishment (RAE), Bedford, England, U.K.

0.

LONNANS"4

FLIGHT SUMMHARY

On 20 March 1967, a rapidly moving surface low pressure system was positioned
about 60 mu north of' the northern tip of Scotland. Sky conditions were

I broken to overcast.

The surface flow was generally westerly becoming north-westerly at 500 mb and

higher. The 1200Z 300 mb chart showed a jetstream passing over Stornoway.
The flight plan for this test was for the U-2 and the British Canberra to fly
the route as indicated on the flight track, The Canberra was to search for
turbulence between the altitudes 36,000-38,000 feet and the U-2 altitudes
50,000-65,000 feet.

The Canberra aircraft recorded light CAT at flight level 38,000 feet over
central Scotland.

The U-2 pilot reported very light CAT only, less than O.lg at 55,000 feet.
This was verified by thle aircraft oscillograph record and no runs were
processed.

The RAOB chart shows the vertical temperature gradients between 55,000-
I 58,000 feet over Aughton, Shanwell, and Lerwick.

Note the weak horizontal temperature gradient and the anticyclonic wind flow
at the 100 mb level.
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-~~ RAOB CHATS I120AfT 20f Mar 1967)

AUGHTON SHANNUEL I3WICK
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TEST 18k

21 March 1967, 0926-1.43Z.

Royal Aircraft Establisbment (RAE), Bedford., England, U.K.

FLIGHT TRACK

CAT UN ff
W CLASS M 96 9M . PSI I

2 L L16 LN
13IS'VM*A AVAISSEN

• LL
0U0A

55. 1"

FE SUMMARY

i At 1200Z, 21 March 1967, a weak surface *:old front was moving rapidly into
• northern Ireland. A surface high pressure system was centered about 100 miles
• I east of Brest, France and most of England was experiencing a south-southwest
~wind flow in the lower levels. Sky condition was scattered-to-broken cumulus.
i Aloft (500 mb- 50mb), winds were west becoming northwest over the British

Isles. Wind velocities (averaging 65 knots) were unusually high at the 70 mb
i level from Shanweli to the north.

i Tropopause analysis snowed the surface to have little slope.

The U-2 and Canberra both flew the route as indicated on the flight track.
" I Both aircraft reported light turbulence about 50 miles niorth of Bedford; the
, Canberra at flight level 38,000 feet and the U-2 at 55,000 feet.

The U-2 also reported some very light CAT at 55,000 feet over Shanwell. This
• , 'run was not processed. The portion of the route south of Bedford was reported

, completely smooth by the pilots of both aircraft.
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TEST 185

22 Mich 1967, 0858-1325Z

RoyA, Aircraft Establisbment (RAE), Bedford, England, U.K.

FLiG~ff TRACTK

W. CASS. on PS) FM sz~ iLEWIC

SL - AVANGER

STOqNMwAY 0. 10.

01 2M~t OKCOLN

SFLIG=T SUFY

At 1200Z, 22 March 1967, a surface cold front was oriented west-east across
central England with a jetstream at the 300 mb level paralleling the surface
frort and located over the Prestwick, Scotland area. Winds at the upper
levels were generally 95 - i00 knots from 270° .

The tropopause height chart showed a relatively steep slope from a 200 mb highover central England to a 360 mb low 600 miles to the north. The horizontal

temperature gradient at the tropopause for this same region was from -66°C
over southern England to oAi8°C at the center of the low.

The Canberra cnd U-2 flew the route as shown on the flight track. The pilot
of the Canberra reported very light CAT 100 nm north of Shanwell at 38,000 feet;
also, that he was in and out of the turbulence for approximately one hour. The
U-2 pilot reported very light to light CAT almost the entire route with "a few
good bumps" over the channel. Only one run was processed from the record. I

The vertical ternperature gradient is small although AT's at 55,000 feet (Hemsby)
! and 65,000 feet (Shanwell) show some evidence of wave motion.

British Isles with the wind flow almost normal to the isotherms. The horizon-
i tal temperature gradient is generally less than 500 per 120 nautical miles.
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TEST 186

28 March 1967, 0903-1256Z
Royal Aircraft Establishment (RAE), Bedford, England, U.K.

FLIGHT TRACK

no 
AVANFUR

. IS" ODE ILT

0 CRIAWLE't o.

------- o. "_.__

SR(ST CTRAPPE;

FLIGHT SUNMARY

On 28 March l967, a 978 mb surface low pressure system was centered over the
North Sea. The low extended well up past the 300 mb level with the vertical

4 . j axis of the system showing little slope.

A double jetstream was flowing around the southern periphery of the upper low
to the south of Englaud and into central France.

A first choice of area to sample for turbulence was over the jetstream south
of England. However, due to a malfunctioning generator, the U-2 could not
fly over water past the glide back point.

The selected flight route was over central and northern England and in the
area of a thermal trough with weak horizontal temperature gradient as indi-
cated on the flight track.
The pilot of the U-2 reported intermittent very light CAT along the eastern

leg of his route, no CAT along the northern leg and almost continuous very
light CAT between 50,000 - 65,000 feet clong the western leg of the route.
The RAOB chart shows a small vertical temperature gradient between 53,000 feet
to 62,000 feet over Longkesh.

No runs were processed from the record.
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1 RAOB CHART2S (1200Z, 28 Mar 1967)
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TEST 287

30 March 1967, 1155-1436Z

Royal Aircraft Establishment (RAE), Bedford, England, U.K.

FLIGHT TRACK

H0 NANC

LONGKESH9

59IGH0 FTUODE SIL

""0 CRAWLEY OKOLN

~OuCCLE1',

aCAMBORNE 0d,..

w n h t0 NANCY,.* . OTRAPPES

FLIGHT SUN&RY

IS :This flight was scheduled as a combination test flight, after generator change)

and HICAT test.

Conditions did not appear favorable for the production of CAT this date. A
~weak northwesterly flow from the surface through the 70 mb level prevailed

over the British Isles. Weak troughs were moving northwest-southeast across
the British Isles. Aloft, the jetstream was approximately 800 nautical miles
southwest-of the area of interest.

:The flight track was selected primarily to aecommodate test flight requirements.

No significant CAT was reported by the U-2 pilot.

The vertical temperature gradient between 56,000 feet and 63,000 feet over
Longkesh is similar to soundings that have been associated with light to very
light CAT but this could not be verified for this test.

The 70 mb analysis shows a predominantly northwest flow and weak horizontal
temperature gradient. (AT/AN = ~ 4°C/600 nm.)
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RAOB CHARTS (1200Z., 30 Mar 1967)
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T ST 188

31.March 1967, 0901-1329Z

Royal Aircraft Establishment (RAE), Bedford, Enigland, U.K.

ltIGHT TRACK

000W

OT19S4O

O"....

ODE SIT

OI

V FLIGHT SUMMARY

The meteorological condition that prevailed on 31 Mach 1967 over the HICAT
operating region was that of little activity. In the lower levels a weak

hihpressure rdewas oretdnorth-south ndcentered ovrIreland. Aloft,
a weak, northwest-southeast wind flow prevailed over the British Isles.
A band of maximum velocity winds, although not particularly strong (85-90

I knots), was positioned just to the wst of the Irish coast passing from that

~to cross this band of winds.

? , .The U-2 pilot reported no turbulence except a "couple of ripples" over the
band of maximum winds mentioned above. No turbulence runs were processed.

i Np large vertical temperature gradients are shown on the RAOB chart.

The 70 mb analysis shows an almost straight line northwest-southeast wind(
~flow and a very weak horizontal temperature gradient.
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RAOB CH.WPS (120rvw 31 Mar 1967)
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TEST 189

3 April 1967, 0854-1420Z

SRoyal Aircraft Establishment (RAE), Bedford, England, U.K.

FLIGHT TRICK

Nk CLSS 05 m U6-s A V'IPLR

L40

6 
L

FLIGHT SUI -RY

On 3 April 1967, a surface low pressure system was centered over Iceland with
an occlusion extending southeast. The point of' the occlusion was approxi-
mately 180 miles west of the Scottish mountains with the associated warm front

lying north-south along the Irish coast.

The main axis of the jetstream curved anticyclonically across the point of

k ~ the occlusion thence southeast over the northern tip of' the British Isles and
into central France.

The primary objective of this flight was to sample for turbulence above the
section of the jetstream from Wick to 560N - li0E.

The flight track shows the pilot did not encounter turbulence until north of

Shanwell. From that point to 560N - 4°FE and return he encountered several
patches of light to very light CAT. The best turbulence (-+O.15g) was located
near 560N -

1°E.

The RAOB chart shows weak vertical gradients at Lerwick and Shanweli with a
well defined wave pattein and larger gradient at Aughton. The turbulence was
sampled at 56°N - 4° E, about 180 nm from the nearest RAOB.

Note that Aughton which has the largest vertical gradient is located in the

center of the thermal trough, asi shown on the winds and temperature chart.

.as -T



RAOB CHARS (12200Z, 3 Apr 1967)APE IX I

LEPNICK SHAIWELL AIGTC

I6 -

600

*,soI

0550

L111
So-a - -

1-2-

I'

j 550

-0 -5 40-70 -70 -4m - 5 - 70 -w -40 -55:1 TEMUTURE - DEGUEm C

1 70 MB TEMPERATURES AND WIT-DS CHART (120OZ, 3 Apr 1967)

I AVANOERI STOAMOWAY 0. 0

10 3

% II

AU279



TEST 190
lf.April 1967, 0910-145Z

Royal Airdraft Establishmient (RAE)., Bedford, England, U.K9

2MC

EIGHCA SUMAIy

A hihprsue syste "~S cetee to th2otws ndna 5

4 L - W7€

m L it %"
A I L1,2 I

LO"s InI R- A= Fr,

$o USTHTO ONNY'

Most of the British Isles were in the warm sector of an occlusion and under
the influence of rather mild westerly winds in the lower levels. Aloft, winds
became more northwesterly to northerly with a jetstream of 120 knots at the
300 mb level flowing from Stornoway in the north to Hawley in the south.

The flight track for the mission was planned to fly along and across the band
of strong winds.

i The UJ-2 encountered very light to light CAT over six areas and one brief

period of light to moderate CAT near Shanwell.

A pilot report from the British metro teletype net reported severe turbulence
at 5,000 - 7,000 feet about 50 miles south of Shanweli.

The RAOB chart indicates vertical gradients somewhat greater than smallI
(< 1.500/1000 feet being simll) near 62,000 feet over Aughton and 53,000

' and 63,000 feet over Camborne.
Note that a deep warm thermal trough at the 70 mb level (winds and temperature

! ! chart) is positioned almost directly over the band of strong winds at 300 mb.
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I RAO CHART (1200z, 4 Apr 1967)jAUGIHrON ]CRAWLEY CAMBORN I
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TEST 191

f2 April 1967, 0825-14t42z

Royal Aircraft Establisment (PAE), Bedford, England, U.K.

FtaIGff TRACK
C

L L!WK

" ,"" "° 1

L

/7 go V.

FLIGHT TRAMiR

The surface chart for 1200Z, 12 April 1967, showed a low pressure center of
1016 mb centered near Paris, Fr .nce. A surface cold front extended southward
from the center to near the French-Spanish border. Overcast conditions pre-
vailed over France north of the French Alps. South of the Alps, skies were
scattered to broken.

At the 200 mb level a trough was positioned over the English Channel and

oriented in a southwest-northeast direction. Winds at 200 mb over the sampled
area were about 2100 at 20 knots. At other levels, winds were comparatively
light.
The pilot reported very light patchy turbulence from 42,000 to 54,000 feet over
the English Channel and into western France. No runs were processed.

The RAOB chart shows changes in the vertical temperature gradient at 1200Z from
48,000 to 53,000 feet over Crawley. This corresponds well to the levels of
very light CAT reported by the pilot. The RAOBs for Trappes and Lyon are
quite smooth appearing and show very little gradient.

~The temperature and windn chart shows a wind shift line and warm thermal trough
at 70 mb and over the English Channel and western France. This corresponds

~to the area the pilot reported very light patchy CAT.
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TEST 192

13 April 1967, 0905-1409Z
Royal Aircraft Establishment (RAE), Bedford, England, U.K.

FLIGHT TRACK

/iN €Cut UNISflY

129 AVAP-OCRWF o.

. ..--. _SOU S A

'='S

A well defined ridge at both ti. surface and aloft tbrough all observed

levels was centered over Ireland. Below the tropopause, the prevailing winds

were northeasterly. Above the tropopause and at the 70 mb level, winds were

The flight track was flown over a steeply sloping area of the tropopause that
existed along the northeast coast of the British Isles.

Although only one run was processed (Run 2), the pilot reported numerous

patches of 'very light CAT over the area.

An interesting comment by the pilot was that a solid undercast was presen t
east of a line from Shanwell and Longkeshi with clear skies to the west. The
very light CAT occurred over the undercast and ended abruptly over the clear
area. During the time of the flight, Prestwick contr'ol issued an air advisory

,, of moderate to severe CAT over the southeast of the Scottish mountains at
18,000 - 40,000 feet.

Stornoway and Shanwell show small vertical gradients (FRAOB chart). The winds
and temperature chart shows the very light winds present at 70 mb (compare

~with Test 182). Also note cold thermal ridge over Irish Sea and warm thermal
trough along northeast coast of British Isles.
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RAOB CHARTS (1200Z 13 Apr 1967)
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TEST a93

3,4 April 1967, 0850-1345Z
Royal-Aircraft Establishment (PAE), Bedford, England, U.K.

AIGHT MACK

RUN AT INlINSIIY .

NO. CLASS. MS U (FPS) MS 2 UV (FPS

2 M, 1.1
3 L-M 1.9

-4 L 1L79L5
5 LA 118
6 L 0.49

/0

o/ ,~-I.,/

The 1 ZsuraAp 1

The 120OZ surfa ce synoptic chart for 141 April 1967 showed an elongated ridge
oriented southwest-northeast avross the British Isles and North Sea. Over
Sicily a weak closed low was apparent from the surface through 50 mb. Winds
were comparatively light at all reported levels.

JThe pilot reported two areas in which he encountered significant CAT. The
first encounter was at flight levels 28,000 to 34,000 feet on climbout (no
runs processed). The second area was at flight levels 54,500 to 56,000 feet

near Nice, France (runs 2 through 6 were processed indicating light to moder-
ate CAT was encountered),

The RAOB chart shows vertical tempe:ature and gradient changes over Crawley
from 53,000 to 67,500 feet. This region was not sampled.

The RAOBs for Trappes and Lyon, France show very small vertical temperature
changes and are not typical of . ,e RAOBs normally associated with light to
moderate CAT.

$ The winds and temperature chart shows the broad trough over centrel France as
indicated by the wiad flow analysis. Also note the warm thermal trough at
the 70 mb level. These conditions are normally associated with light to light-
plus CAT.
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RAOB CHAR~TS (J200z, 14i Apr 1967)--
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TEST 194

17 April 1967, 0859-1632Z

Ferry Flight from RAE, Bedford, England, U.K. to Hanscom Field, Bedford
Massachusetts. U.S.A.

FLIGH TRACK

RUN C A T INTENSITY R

NO. CLASS. RMS Ude (FPS) RMS 2 UV (FPS)

2 VL 034-

Data not obtained.
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RA01 'R T

Data not obtained.

70 MB TEMPERATURES AND WINDS CHART

Data not obtained.
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TEST 195

18 April 1967, 052-0942Z
HICAT search and ferry flight from Hanscom Field, Bedford, Massachusetts,
to Patrick AM, Florida, U.S.A.

FLIMU, TRACK

G5 RS ALSO YOAC

CRAP 0H RSDF r OC

700

~PIT
" " O L F M A .Vop A Z DIA

* ~ ~ V ,( dD WAL
SCOLD. PO). HTS

_ OGO0 AT

OOCFSM aLIT 0UN .*
fOAMA ~ OUT I1~

O*AF0*51 OGSW jOSV '~OJAN MGMV30

COF
D-"1RT OSAT IN9~RTOST VE TPA- PAICX N;$.

85' MGI

FLIGT SUMMARY

Data not obtained.
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RAOB CHA S

Data not obtained.

70 NB TFM[ERATURES AND WINDS CHART

Data not otained.
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TEST 196

2 1~y 1967, 162-2103Z
Barkodale AFB, Shreveport, Louisiana, U.S.A.

• IHT TACK

FGL Y-- ~OGSO I4ML N4LATMM

FSMM FEM

RIGNI TRACE AND TUUUMb FR'U PtOrS CMM

FLIGHT-SUARY

Late during tb'. day, prior to this flight, a squall line and cold front passed
over the Shreveport, Louisiana area. The cold front preceded an unusuallycool outbreak of polar continental air for this time of the year and temper-
ature records were broken over many of the states east of the Rockies.

Near the time of the flight, on 2 May 1967, the cold front was oriented
northeast-southwest and lying over the state of Mississippi with the asso-
ciated squall line approximately 100 miles to the east.

The mission plan was to fly over the front and squall line (see flight track).

The pilot encountered significant CAT between Monroe, Louisiana, and
Tallahassee, Florida. CAT was, very light or absent near Shreveport (SHV) and
Jacksonville (JAX), the west and east extremities of the flight path.

Note the irregular appearance and moderate slope of the vertical temperaturegradient over Jackson (JAN) and Montgomery (MGM) on the RAOB chart.

The winds and temperatures chart shows the well defined warm thermal trough
and the large horizontal temperature gradient that were present over the JAN-
MGM-VPS area to be located almost precisely where the turbulence was sampled.
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JRAOB CHARTS (OOOOZ, 3 MAY'19?
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TEST 197

3 Nay 1967,1,163 1
Ba-kdale .m_, s'-reveport, Islana, U.S.A.
FLI iTE CKo

CAT 15fT

IN. UPS) M ~ U PS) -f 00 1 OI.BF IMA' ,I in OPIA

L4 U

,L

- ---- ,
I L-01 LIS MEN

I I .- '---'.ODDC

OM, s. ....N

o /NW / "-' ' 7

Near the surface on this date, quasi-stationary fronts were situated over south

Texas through the Houson area and to the north through central Kans as.

Th e O000Z, 11 May 1967, tropopause analysis showed a band of maximum winds

10 l0 1Iots) at about 38,000 feet oriented west-east over 0KC. Upper level

winds were near zonal over the operating area. Considerable thunderstorm

4 activity occurred from the Red River valley southward to the Gulf Coast.

The flight track shows that most of the turbulence encountered was 
located

over OKC. The pilot sampled altitudes between 53,000 - 58000 feet over OKC,

I the turbulence was light to moderate continuous.

The RAOB chart indicates that large vertical temperature gradients 
were

peetover OKC and GSW. It appears the pilot was in the altitude band of
the least vertical gradient over OKC.

by te plotwastha th tubulnceended abruptly 20 miles west of 0KC

! which is at the crest of the thermal ridge.
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APPMDIX V1'

IRAB CHAM (OOOOZ, 4i May 1967)
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TEST 198

w i967. 1759-2343z

Barksd&le.AFB, Shreveport, Louisiana, U.S.A.

WXCAT UU~ l I TIV
2 L - IB ; 

OPIA
3 ; Le L"5 t an-, --,
6 L a"

I L - TOP'

*5 LM L n-" 0.- oc -e .) -. . zu

L L-

I a LB _r d., , .

,J3H • ,,rU.NMARYOIT

This mission was a joint test with the National :Severe Storms Laboratory at
Nocan , Oklahoma.

6: TheDfingh trackorindicate hat the turle nerssaomle oer thi aorao
coetve Okactivity nthe lot as-i Odratem oserehi tsqul ne for
about 110 minues.i d 'c faso;ym~n ufc rn oiind'ln

blfau w ad of 10oorknot wist- as fircin acrowsenorhTs Oklahoma t n

and Kansas at the tropopause level of 39,000 feet.

The RAOB chart shows large vertical gradients for AMA and GSW (OKc was

In the winds and temperature chart, it is perhaps significant that the ther-
ma. trough at the 70 mb level is centered over the OKC area.
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RAQI3 cHAIRTS (OOOOZ, 6 May 1.967)

AMARILLO (AMA) FT WORTH (GSW) SHREVEPORT ISMV
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TEST 199

8 :W 1967, i6i9-22Z

,Br$ksdale AFB, Shrevepet Louisiana, U.S.A.

FLIGT TRACK
- - , ,. I C' A, I i I , -u. I

. I , • --

It o O A M A •I 1 L , OLI

ItI

O..F W_ " "Al Me 3.---
-. . - , . tl

"'"' - : i j _ __ :FRT GSAT Y

Ij too

II1t WFT 10Skm

FLGTSU*MRY

The 1800Z surface chart for 8 May 1967 shows a cold front oriented west-east
across central Texas and northern Louisiana. Aloft, the 1200Z, 8 May 1967,
200 mb analysis indicates that jetstreams were converging at that level
over Arkansas and Louisiana.

The flight track for this day was back and forth across the south Central
States. The pilot encountered abundant light CAT over Mississippi and
Alabama. Upon reaching the San Antonio area he could see a thunderstorm
developing near Austin; he proceeded to that area, and encountered light to
moderate CAT over the convective activity for approximately 30 minutes.
(Ref. Runs 7-13.)
T'he RAOB shows small vertical gradients near VCT (the thunderstorm over which
the pilot flew was isolated). SHV and JAN have a raedium vertical gradient.

The 70 mb analysis depicts the well defined wave, as indicated by the
isotherms, that was located between Oklahoma and Alabama. This wave was
also near the axis of trough visible on the 200 mb analysis.
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MAOB CIAKITS 11900Z, 8 May !967)

VICTRIA VCT)SHRVEPORT (SW) .... JACKSON (J )
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TEST 200

9 May 1967, 1536-1937Z
Barksdale AFB,,Shrevepbrt, Louisiana, U.S.A.

I~IGM. TEACYK

I OAMA OOKC FS , .. ---

I I OMFSM

OMAF G W V 0 N OM GU

OSAT

hCRP 0

a 25*

FLIGHT SUMMARY

On the 1800Z surface map, 9 May 1967, a weak stationary front was located
across south central Texas with a high pressure area centered over southern
Arkansas. The radar summaries showed isolabed cumulonimbus activity over
the sampling area.

Aloft the winds were northwest-southeast with near straight line flow.

Very light CAT was reported by the pilot. No runs were processed.

The RAOB charts show the vertiial temperature gradients at GSW, SHV and LIT
were very small.

A fairly well defined thermal trough over OKC is evident on the 70 mb analysis.
However, the flight was to the east of this area and so the area was not
sampleu.
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RAOB CHARTS (o20oZ, 9 14Y 1967)

FT WORTH (GSW) SHREVEPORT (SHY) LITI1E ROCK (LIT)
/50

65 ,

-- --DEGEES60

Vo-""------------------~- -
60

z

I-- "

055

F - - I,.,
:10

I 45I 140
'~ -- ~- 150

-70 -65 -60 -55 -70 -65 -60 -55 -70 -65 -60 -55

70 MBTEMPRATUES ~TEDWERATURE - DEGREES C

70 M TEPERTURS AD WNDSCHART (1200Z, 9 May 1967)

-- M.A-. --- _ ', 4 'w , °l

IIs,

,.j " ,o.C,,

--- --... ....=, A MA...J

0 GL %

oxc ~ MEN_ so

N-N

301

iI

- ------ A



APflC VI

TEST 201

10 May 1967, l65&2]23Z

Barksdale AB, Shreveport, Louisiana, U.S.A.

PLIGIM TPkZ;K

L oPLIPS"L an"-"

L1 -

I OP Ocel ( / -

It-I
o.0~ ~ LIT!t

. OA61 V 0

OLP0AAF V N 0 A

FLIGT SUWARY

The 180OZ, 10 May 1967, surface chart showed a 991 mb low pressure center

over Nebraska. A cold front trailed southwestward to Albuquerque, New Mexico

and a warm -front across eastern Oklahoma - central Louisiana, The 1200Z

200 mb analysis indicated that a jetstream with pronounced anticyclonic
curvature extended across Colorado, Nebraska, Missouri and Mississippi.

The mission was originally planned to fly over Nebraska but radio trouble

caused the flight to be shortened. The flight track shows the route of flight

and that light to moderate CAT was encountered along the northern borders of

Oklahoma and Arkansas. The altitude of the CAT sampled in runs 5 and 6 was

near 62,500 feet and the level of the strong inversion over DDC.

Notice the 900 wind shift between DDC and OKC in the winds and temperature

chart.
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TEST 203

15 May 197, 1555-1805Z
Barksdale APB, Shreveport, Louisiana, U.S.A.

FLIGMT !6,

~CA T INISY"I CLAS.-os. N O- ude I 'PS) ] .0 2s t. -F S

AM OoC FSM

L,,/ ()DT OST L ME

SOLIT

Te oGSW e SOAe All R t o
OMAF 0 JA

/' VDRr OSAT VE

; TFLIGHT SUMARY

This test was aborted fairly soon after takeoff because of' engine difficulties.
The meteorological discussion of this test appears with that of Test 204,. one
of the ten HICAT tests analyzed in considerable detail in Appendix I-G,
Volume I.

: 3o4i
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MAOB CJ{AR, ((XXooZ, 16 Ma~y 1967)
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TEST 205 .

16 may 1)67, *526.2owoz

Barksdale AYB, ahreveort, Louisiana, U.S.A.

1 - , OLUF tMA
t 0.IPIA

ton e17 ODDC

V - II C AT 111SMm

I "1 I 4 I L -AI F

_ _ _ _ , ._ -_
LGI ESUMMISRA

On 6 My 167. eakhigh pressure system was centered over Kansas. This
Irculatio-0 upslope motion along the eastern Rockies and caused some

straus to form in the lower levels in the Denver - Colorado Springs area.
Above this low stratus skies were clear.

Aloft winds were northwest-southeast with abmost straight line flow and were
relatively lgt

The pilot reported light CAT 120 nm northwest of OKC at flight level
53,000 feet and abundant light to moderate CAT between Colorado Springs and
Pueblo at 51,000 - 52,000 feet. Compare these altitudes with the 51,000 -
52,000 feet area of the Denver RAOB.

Note the thermal trough shown in the winds and temperature chart from TOP to
DEN. The east-west orientation is not usually observed.
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APPENDIX VIr

RAOB CHARTS (J.200Z.. 16 May~ 1967)
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APJMX VI

TZST 2o6

SBarksdale APB Shreveport, Louisiana, U.S.A.
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RAOB CMnis (l20z, 17 May 1967)
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TEST 207

19 May 1967, 1918-2217Z

Barksdale AFB, Shreveport, Louisiana, U.S.A.

7IGHTt ACK

.U CAT ZMdU 000

L ML on •6F -Y"

U1 L ' OKC FSM MEM

UT
-; I -19T

* AB1
0 AF J

FLIGHT SUMMARY

10g. % ftCfKRiGT 3 P 3FIWS CNT

1010. 95.

FLIGHT SUM4AY
At 1800Z, 19 May 1967, a cold front was moving slowly from north to south ,

across southern Oklahoma. A line of thunderstorms formed along-the Red River

and slightly in advance of the front.

Aloft the QOOOZ, 20 May 1967, 200 mb chart indicated a west-northwest wind

flow at 60-80 knots. Jetstreams were positioned over south Texas and the
north Central States.

The 2045Z, 19 May 1967, radar summary chart showed a solid line of echos with

tops to 53,000 feet oriented west-southwest east-northeast, 50 nm north of
Dallas, Texas.

The pilot reported he flew across the tops of the thunderstorms first at
65,000 feet well above all clouds and encountered light CAT. During the second
pass across the tops, he descended to 63,000 feet and the turbulence increased
to moderate. Approximately 9 minutes of turbulence data was processed.

The closest RAOB to the sampled area was that of GSW at OOOOZ, 20 May 1967.

The 70 mb analysis shows a well defined thermal trough with the axis between
OKC and GSW.
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iiAoB Cams (ooooz, 20 may 1967)
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TEST 208

22 M4ay 1967, 1529-194fJz

Barksdale AFB$ Shreveport, Louisiana, U.S.A.
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APPENiX VI-

FIAOBCHARTS (OoCIz, 23 may 1967)
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TEST 209

24 y 1067, 1528-1744z
Barkadale AFB, Shreveport, Louisiana, U.S.A.

FLIEIT 'TRACK

OAMA FSM MEM

zLIT

0 oMGIJIf
OA81 HV OJAN I

* OMAF SA.MaS

"" VDRT OSAT\O T

CRP I

95" 900

FLIGHT SUNMRY

Conditions seemed unfavorable for the production of turbulence on 24 May 3.967.
This mission, therefore, was planned and flown to verify the absence of CAT.

The surface map showed a high pressure area centered over Mississippi and
covering the south Central States.

A ridge at the 200 mb level (1200Z) was oriented north-south along the
Oklahoma panhandle. A jetstream was located over the Dakotas and to the east.

The pilot reported that the flight was perfectly smooth except for a few
"ripples" halfway between Dallas, Texas and Oklahoma City, Oklahoma at flight
level 53,000 feet. Notice the very small vertical temperature gradient for
the OKC sounding in the RAOB chart.

The 70 mb analysis shows that the flight occurred in a thermal ridge at the
70 mb level.

Z 314



-'X IXVII

RAOB CHARTES (l200Z, 24f May 1967)

OKLIAJIOMA CITY (OKC) I! FT WORTH (GSW) SRVPR SV

-40

60 -

0

- - --go

I - - J~ 40
-70 1450 5 70 -5 -0 -5-7 4 4 5

TEWCERATURE - DEGREE C

70 MB TEMPERATURES AND WINflDS CHART (100Z, 24I may 1967()

IPI

I 1 o'es *

orus OA rSIO 
Ist<

91Ago

Jr

IneI



APIX_ VI

TEST 210

-25, ify 1967, 1528-191Mo
Baiksdaie AFB, Skbevport, Itrnisiana, U.S.A.

YLIGiT TRACK

S -- " OGSO

ooxc FSM

0 GSWM

OA3 0F I SooC

AX

_________________________________

~IG1~ UMMCH

AOA suf'c hihpesr ytmpeald vrteae fterueof fih

Th piltc regprsuesse rvied overy tigh CATa nea the eatenuxtemt of flight
frut.s Note runstwere proesd.toswr odoe h prtn ra

The 1OZ.s for JAT andlysis preet a stotidpare with smal verhsoticali

inrodvertichoa. tmeture radoiie Noteras th rat ake s veryo caos
toxthned setteasttutof.h lriacat

The 70 mb analysis depicts a horizontal. waveform of the isotherms. The windF
were so light and irregul.ar at the 70 mb lev-al that streamline analysis was
not completed.
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APPEiDIX V' 5
RAOB CMAJTS (200Z, 25 May 1967)

JACKSON (JAN) MONTGOMERY (MGM) ATHENS (ANN)
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TEST 23.

26 )Yr 1967 156 -1831z

Ferry flIit from Barksdale AFB, Louisiw., to Eftards AFB, California, U.S.A.

FLIg -tACK

C ATS MMMOM ..... -. I

49t I

OW3LC i ---
OSLC 0

ELYJ

us

Lr

MhGM~ SUMMY

Dlata not obtained.
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RAOB CHARTS

Data not obtained.
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AP~1X VITEST 212

18 -June 1967, 1457-23U6z

Ferry flight from Edwards APB, California to Lorinig AFB, Maine.. U.S.A.

-11 ' TRACK

4- re
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wi !I II& A
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OUT~I SNNMARY
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R&OB CHAIMS

I Data not obtained.

~Data not obtained.
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'EST 213

2o June 1967, 1II23-182oz

* . Loring APB, Limestone, bisine, U.S.A.
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RAOB CHA~RS %'200Z,. 20 Jun 1967)
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~, I TEST 2-14

22 June 1967, 1429-:905Z
To6ring Alt, ]imestone, Maine, U.S.A.

II
I

ZV

A>R

FLIGHT SUMMARY

,!. At 1800Z, 22 June 1967, a small su1rface low -Dressure center was situated near

Quebec City, Canada. From this point a cold front trailed southwestward
through Pennsylvania and a weak warm front extended to the northeast. Cloudy
skies with light continuous rain and drizzle prevailed over the New England
States and the flight route area.

At the 200 mb level, the 1200Z analysis showed a weak jetstrear (80 knots)
oriented southwest-northeast passing over Lake Ontario.

The pilot reported two very light patches of turbulence. No runs were
processed.

The RAOB chart shows very small vertical temperature gradients for ZV and YR.
Between 45,000 and 49,000 feet over ChR a gradient of 60 can be seen. The
very light CAT was near 50,000 just to the north of CAR.

The 70 mb analysis depicts very light winds and small horizontal temperature
gradients at the 70 mb level over the sampled area.
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TEST 215

23 June 1967, 1432-1807Z

LoringAFB; Limestone, Maine,- US.A.

FLiGHT TFAcK,

'UN - CAT rIT 1,II
W CLI. 115 U,- 2 M V fS

3 L to'

LW. 144

W I 
AI

7' J AC

0LO Fl AA. 4 5

~~0 PIT,. C

i9DAY ITEB 70"

FLIGHT SLUAY

The 1800Z surface chart for 23 June 1967 showed a cold front over Pennsylvania
extending northeastward through New Hampshire and along the western border
of Maine.

Wind flow at the 200 mb level was southwesterly, with a wide band' of winds
of about 50 knots, across the flight track area.

The pilot reported an extensive area of light to very light CAT at 54,000-
56,000 feet mostly over New York state. Also some very light CAT over
northern Vermont and New Hampshire at 52,000 and 59,000 feet. Runs 2 through
7 were processed for this test.

The RAOB chart shows vertical temperature gradient changes at 52,000 feet
and 56,000 feet over PWM. ALB has gradient change at about 49,000 feet.

The 70 mb analysis for 1200Z depicts the thermal trough located along a line
from HTS to Lake Erie. Six hours after the time of the 70 mb analysis the
thermal trough would have been over the area where the light CAT wus
detected.
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RAOB CHARTS (1900Z, 23 Jun 1967)
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dc I
-t0

-I. ~.55 i

so - -1-

70 MB TEMPERATURES AND WJINDS CHARlT (1900Z, 23 Jun 1967)
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TEST 216

27 jine 1967, 1W8 1913Z
Loz!r " AFB, Limestone, Maine, U.S.A.

FLiGEm RACK

I-I

~1 60

t0 G S-- U5

The 180OZ surface chart for 27 June 1967 had a high pressure system centered
3over Pennsylvania and prevailing over all of the Northeastern States.

At the 200 mb level a shallow trough was positioned along the 60°W meridian.
Winds at this level over the sampled area were westerly and light (20-40 knots).

The pilot reported a few pa:;ches of very light CAT. No runs were processed
from the flight.

The RAOB chart shows that the vertical temperature gradients were very small
over CAR and a portion of JT.

The 70 mb analysis shows light winds, 5-10 knots and small horizontal tempera-
ture gradients (~1°C/150 nm) over the flight track area.
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APPfl1NDI VI

RAOB CHARTS (l20oz, 27 Jun 1967) - 'I

*' PORTLAND (PWM)- CARIBOU (CAR) STEPHIVILLE (IT)

sioA
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4..I1 ,o.
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- DIGIEC-SMM C

70 MB TEMPERATURES AND WINDS MOAT (l200Z, 27 Jun 1967)
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APPENDIX VI

TEST 217

~29 June 1967, 14f20-1918Z
oLoring AEB, imestone, Maine, U.S.A.

FLIGHr: TPACK

nan I .u'-

FLIGHT SUMAMARY

At I800z, 29 June 1967, the surface chart showed a low pressure system centered
over Lake Huron. Extensive cloudiness, drizzle, and light rain prevailed over

"the eastern Great Lakesrein

At the 200 mb, level a wide but dynamically weak trough was located near verti.-
~ca]ly above the surface System. Winds were west-northwest at 20-30 knots.

~The pilot reported a very smooth flight over the entire route.

Notice the extremely small vertical temperature gradients in the RAOB chart
over SSM and BUF. Over iM vertical temperature gradient changes are apparent
near lPO mb and 70 rob. It is probable that some turbulence would have been
detected if that area had been sampled.

The 70 mib analysis shows rather uniform troughs and ridges as indicated by the
isotherms. Notice Winds were light northerly and curving anticyclonically.
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APPENDflC VI

RAoB-cHARTs (12ooz, 2-9 Jun 1967)

SA STE MARIE (SSM) BUFFALO (SUE) PORUAM) (PWM)
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TEST 219

5 Jgii9!6t, 144o-1904iz-
L 4n1AB, Ldmes/;onei Maine, U. S A.

FLIGEII TRACK
so . CAT I ,NWITY

N.CIASL- 0s i FPS) WS 2 N~ FPS)I

NI I

.0

0 FI 0 LSM A

4 L'N V

I; A Surface low pressure system was centered over Cape Cod, Massachusetts, at{ 120OZ, 5 July 1967. The cold and warm fronts extending from the center had

i just begun tb occlude, and the system was prod@ieing considerable weather

~ I over the New England States.
SAt the 500 mb to 200 mb levels, the well defined associated troughs were

aligned near the 80°W meridian to the west of the surface low.

The Pilot reported some" very light OAT 50 mu south of JT and abtindant CAT over
the area between ACK and NWM. Run 3 indicates light to moderate CAT was

I encountered.
* ~The RAOB chart shows vertical temperature dhanges near 1+8,000 feet over ACK

* and 50,000 feet over INM.

The winds and temperature chart shows the CAT occurred in a rather sharply
definei thermal trough over ACK and NWM.
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- -~ ~_______________________IV

PAOB:-JCHART (.200Z, 5 J1:L 1967)

NANTUCKL (ACK) PORTLAND (PWM) CARIBOU (CAR),
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TEST 2

J uly 1967, 1355-174oz
Loring AFB, Idmitone,-Haie, U;S.A.

..FIGHT TRACK -

CAT N NTy

/

6 s , -. -

-.. -- N

orng APh iepia tPe, nelana U.Sah cniin ee eeal odw

Thbilo CeAoTe hligh CA vrI eA oee, orn ~epoesd

U S. US U " US ~2 9Mzv0

2 L L

t' R

I 456

0io w l
3B 65

ALBAd

I' 40___
~tG!~SUMMRY

The flight route on this~ date was over a surface high pressure system centered
over Philadelphia, Pennsylvania. Weather conditions were generally good with
clear to scattered skies. Alof't a low pressure trough was located over
Newfoundland and ax.idge over the New England States.

The pilot keported light CAT over the ACK; however, no runs were processed.
On the RAOB chart the vertical temperature gradient o-ver ACK shows evidence
of wave motion from 5O*,OO-56,ooo feet.

The 70 mb analysis indicates ACK was in axr area of a thermal troagh with
j anticyclonic wind flow.
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APPENC -V 3
RAOB CHARTS (J20OZ, 7 Jul 196)

NANTUCKET (ACK) PORTLAND. (WM) CARIBOU (CAR), 4
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TEST22

14 July.1967, 135941959Z.
1~ILoringAiMB, Limestone, MiJne, U.S.A.

FL Lh ,SUO !6od 9 AsIoA
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It f-~--~APPENDIX VI

RAOB CARTS (3.200Z, 14f Jul 19.67).

I DUULES (DIA). MJBMY (ALB) PORTLAD (IWM) $
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{ TEST 223-

1 6,q~biy !967, ]L216,-1900z

Perry flight from Icoring AFB, Maife to Efbraids AFB, California, U.S.A.

C
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OsUA
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ArMMIDC VI

RAOB CHARTS

Data not obtained.

'1''

11

70 MB TEMPERATURES AND WINDS CHART

Data not obtained.
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APPIXD VI

TEST 22-I4

18 July 1967, 1528-205#Z

Ferry fiht froma Edwaii; AFB, California to'Patrick APB, Florida, U.S.A.

40 11II4 R

a0 L BLIP

GPNT

1'~ Th!ufc a o OOOO, 1Jly96,(hosafeth - ecunee
CAT ovr thesouthaster~ staes) soed sufce frWIvrNoten lrd

4 ~tndn along th- cost of Geri an h aoins eldeie pe
leve !ri~ wa vieta h 000m evlwt teai a o th AAaT

Georgia~~1 borde n rjcignrhadtwr h ra ae.Ti pe
leeAtN g a lob se nteJ0Z 8Jly16,10m nlss

The~~~~~~~A~ fligh track sostathtubenecurE nteae h pe
levelkNI togthtwsaprnataiwnrpOrTg lees ough100b

Notic thewavepatten ofthe sothems i the100 m trogh. h ny E
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0

ROBCHAl 1OZ ~ u 97

SHREEPOT(SH) JCKS~d(JN) M.PAISQVso
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50- In--- 2
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100 MB TEMPERATUXRES AID WMlS CHART (J.200Z, 18 Jul 1967)
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[ TEST225

20 -July 1;967 03-7

Ferrk f3.i~t frcia PatfinkAFB, Florida to Aibrook AFB, Canal Zone

YLI(GiT TRACK

J- ~0 

[ IGT, SNR
Data not obtained.
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I APPENDIX VI

RAOB CHARTS

Data not obtained.

70 NB TEMPERATURES AD WINS CHART

Data not obtained,

343



tI' * - APPEMIXVIC

TEST-226

24 JuLy 1]7,.. 1458-2o28z
Aibrook AFB, ,Canal Zone (Panama)

j ~ ~YGHT TRACKCM 1d-L
/I 20

4U M

57 OWI FT

II

I FMIGHT SUMMARY

This rmission was the first of a series of 12 flights investigating turbulence

%.,5,QF

while operating out of Albrook AFB, Panama Canal Zone.

The Intertropical Convergence Zone (ITZ) was well to the south of Panama on

I this date. The flight route was over a shallow ridge sloping up towards the

-north.

The pilot reported light CAT at 63,000 and 58,000 feet over thunderstorms near
12°N 82°W, as well as numerous patches of very light CAT for the rest of the
route. No turbulence runs were processed.

The RAOB cha~rt shows medium changes (-1.5°C/l000 feet) of vertical tempers-

ture gradients over MKJP, KSWA and MCSP. These gradients are normally I
associated with light CAT. (Note time differences of 6-8 hours between RAOB

.4 and flight. )

The 70 mb analysis shows small horizontal temperature gradients over flight
route area.
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MECHARS (1200Z., 24f Jul 1967)

KINGSTON (MKJP) SWAN ISLAND (KSWA) SAN ANDRES (MCSPL

-- I -- F

60 0

A I sk0
101

111
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TEST 22t

25 JulY 1967, 1501-18147Z

Aibrook AFB.. Panama Canal Zoni (Panamak)

YLIGFI, TRACK

~ A UN ___ C AjT'INMEStTY

N9 CLAS-5 RMS Udi ",S) R 2 U (PS)SO, MJ

2- AI 0.56
3 AI 0.51
4 AI '0.43

5 V 0.53'

S. 8 AVI 0.38,

105

58o.F 5 4  R-2 R-3.

FLIGHT SUMMY

I ,On this date, the ITZ vas about 250 nm south-of Hoiward AFB, Canal Zone
I (Panama). Radar reports depicted scattered th-.nderstorm, activity alonr the

I convergence zone.
The flight track route was to MCS~i return to NPFTO and then southward; --o
investigate the ITZ.

The pilot reported patches of very light CAT over MCSP and ab-undant light CAT
over the ITZ (R une 2, 3, 14, 5, 6, 7, and--8). The turbulence over the ITZ was

above the scattered thunderstorm activity Which in turn was topped by a layer

The RAOB' s show small vertical temperature gradients over MCSP and MBHO and a
large gradient over MOBO between 90-78 mb * The NCO sounding was within the
IZbut about 250 miles east of the sampled area (pilot not authorized to fly

over bolombia).

The 70 mb temperature analysis indicates that a wave was present over the
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APENIX VI

RAOB CHARTS, (1200Z, 25 Jul 1967)

SAN ANDRES VMCSP) HIYARD AFB(MON0 BOGATA VAC801
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70 MB TEMPERATURtS'AND WINDS CHART (1200Z, 25 Juli 1967)
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TEST 228

27 JUIy 1967, li52-1850Z
AlhrookAYBE, Canal Zone (Panai),

MLIGHT TRACK

o RUN C CAT INIES17Y ___

NO. CLASS. RMS U - (FPS) RMS 2 (FPS MKJP

2 L-M 0.6-3- + L 0I .56 -

4 L .0.5.+ - ?\
5~ i L 0.2-L!

6, VL-L 0.56 - 75
_7 L-- 076 0.87

OMCSp

t o.I0 - ALBRO" "AFB

Z , 900I 067,5 F OF, T
R- 

R-)

FLIGHT SLMU4RY

The ITZ was positioned about 300 nm south of Panama on this date. Radar
reports indicated: scattered thuderstorm activity prevailed in the convergence
zone; As was usually the case, the scattered thunderstorms were topped by a
layer of cirrus th~ough which occasionally a convective cell would penetrate,

The pilot reported 'the turbulence above the ITZ to be slightly more intense
than that sampled during test 227. Runs 2 through 7 indicate this to be factual.

The RAOB's are too distant from the sapled area to be representative. MBHO,
the closest, was 300 rnm away. Notice however, the large vertical temperature
gradients that existed over KSWA and MBHO.

The winds and temperature chart shows a cyclonic wind flow and thermal trough
that was present near the sampled area.
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APPYJDIX VI

RAOB CHARTS (1206Z, 27 pJi 1967)N/

SWANI ISLAND (KSWA) SAN ANDRES (MCSP) -HOWARD AMB (MH(
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TEST 2-9

., 284Jul 1967, .47-18z

Aibrook AFB, Ciial Zone (yanm)

FLIGHf TRACK

C AI ICT INTESITY W'o

gi o. jCLASS. RMS % (FPS) RMS 2 UiV IFS
1* ".V .I N, " " ~G UGM

2 jYL KCG

00 KJP
---1; o00-0 FTr

• IFLIGHT"SUIAY
Surface-weather on this 'date was generally good throughout the operating area.

Activi y in, the ITZ was at a minim i2n.

The pi !ot reported- a fairly widespread area of very light CAT centered over

KSWA. Rt 2, was processed.

The RAOB chart shows that small vertical temperature gradients prevailed over
MKCG, KSWA and MCSP.

Horizontal temperature gradients were also small over the sampled area.

Notice the waveform characteristic of the isotherms with the thermal trough

along :80°0W over the Caribbean.
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31 uY16. ' -21

NM CAS -U.WS RMS23O US

CCS

PlIGHT SUMMAY

jSurface weather conditions wei ~. good over the operating area for this date.
The ffZ was positioned a1 ,.ost over the Canal Zone but was not active.

The pilot reported Very light CAT at 10ON WowW at flight level 50,100-52,700
feet. Run 2 was processed.

The RAOB analysis shows a rather sharp vertical tempexature gradient change
ne~r 135 mb over MCSP.

In theb winds and temperature chart,, notice the smallI horizontal temperature
gradient that was situated overthe Caribbean and the thermal trough p~sitioned
along WowW.
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APFENIX VI

RAOB CHARTS (1200Z, 31 Jul 1967)

KIGSO -- IP SA AMM - - - - WWI AF (M'' 0

30
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70 MB TEMPERATURES AND WINDS CHART (1200Z, 31 Jul 1967)
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TEST -231

2 AVuut 1967, 15O4-l948Z

Albrook, , Caal Z6- (Pan,)

FIMG1T TACK,

. AT AISI1Y
No. 'Ms, U mbFfPS) pMs2 uM (FPS) 'o.,:

2; AL 0.99

5 VL 0.83

A -t6 L-M L2 75
I L L 17
8S L-M L.62

ourn10 Vl 0.74 z0
11 L, L 14 _ _ _ _ _

2. L L.30

900 '

R-2 2 R-11R-
5..F - R-5 R-6, R-7

dat OF4I MCSO

Radr rpors o ths~dteindiated considerable convective activity -was
occurring along the convergence zone Mhi*'ri-Vabs 100-200 nm south of Aibrook
AFB.

The pilot repoited extensive light-plus CAT at 51,000 to 53,000 feet and also
commented that the -700C temperature at that level was the coldest he had
observed. Pilot further rep6rted the most abundant CAT was along the southern
edge of the cirrus cloud band that marked the ITZ. Runs 2 through 12 were
processed.

In' the RAOB chart, notice the cold layer is evident at about 52,000 feet over
CSP, MBHO and MBO.

In the 70 mb analysis, notice the broad thermal trough along 750W.
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BAoB CHARs (320oz, 2- Aug 1967)_____

SA NRS(MCC-P HOWARD ARED Of 1110 DOATA OM

5-

0

- - -- -11M~

512

4 -15--1 0
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TEWERAIURE -DEGREES C

70 MB TmEk~EATuREs An) wiflbs cHAT (i 200z,, 2 Aug 1967)
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~ jo 7.- 1458

CM

Aibrook~~~48 1FB0 Faaroe'(aa

52,,009FT KSWA, - -F MKJP

____ _ __ ____ ____ ____ ____so*

2R-{

24 VL

3 .1M17 L ii JALBROOK AFB

PLIGHT.,SUMMARY

The OOOOZ meteorol~gical parameters normally checked for turbulence forecasts

indicated ab'undant CAT' was present in the operating area this date. The
largest -vertical and horizontal- temperature- gradients w ere over NBH0 ad, to
~the north. The ITZ was about 200 miles to the'-south of Panama.

The pilot repor'ted abundant light CAT at flight levels 49,900 to 54,000 feet.-
'Runs 2, 3, 4,, 5, 6 and-B were processed.

The 12o0z-) 4 August 1967,. RAOB's show medium(l.5 0 -2.5(C/00fe)mutso

In he teprature adins car notice the well defined thermal trough

356



6S-

j

I -
90 

--

~-13

1 

4"

-A 

mum~-- 

12

0 cm

:1 1_______4 OKSWA I -Od 66 ~ q

44 -6
&35



,A k~i.B nailoe (as
'J '-

VI.

TEST b341

:8 August 1967, -11156_1925

OArk C l Zone (Pana

1LIG~i TRMC

TIz was well to the south on this date. Turbulent conditions seemed more
favorable to the north and a flight route as indicated in the flight track
was flown.

The pilot reported numerous patches of very light CAT with a few "good bumps"
over some convective activity in .the area of KBWA. Run 2 was processed.

The vertical temperature gradients and character of the 2qAOBs (changing-I gradients) in the MAOB chart are indicative of more CAT than was detected.
Notice the vercy cold layer (-72C, 74°.C) at 50,000 to 52,000 feet over KSWA,
M(CSP and MBHO.

In the temperatures and wind chart, observe the warm thermnal trough over
MBHO.
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-APPEIX VI

RAOB -c.10TS (l2ooZ, 8 Aug 1967)F

SWAN ISLAND (kSWA) SAN ANDRES WACSP) HOWNARD AFB WSNCN

1 55

.65-
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55. 
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70 MB TEMPERATURES AMD WINDS CHART (1200z, 8 Aug 1967)
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TEST 235

10 Agust 1967, 1445-1815z
Albrook AFB., Cana Zone, (Panam%)

0 FLIGHT TRACK,

I 'OKSWA 800 MKJP

C -% - - 5*

750

_ _ _ _ _ _ _ _ ___ ____ _ _ _ _ _ _ _ I

I. FIIGHT SUWMY
The. ITZ was- re lativej~y inactive for this date and meteorological parameters
were. ijot f avorable fo-r the prbductiUon of--CAT.I shown on the flight track.. One run was processed for ligbt CAT at flightI level 53,000 feet over MCSP.

The MCSP RAOB was not availablej however the NBHO IRAOB shows a slight vertical
gradient change at 52$900 53,000 feet.

The temperatures and winds chart shows the shallow thermaltruhoete
sampling area,.ruhoe h
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RAOB CHARTS (120.17,.,16 Aug 1967)_______

IKINGSTON.(MKJP) 1 'SWAN ISLAND10KWA) -HOWARDAFB- (AM I~)C
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APPZD]X VI

TEST 236

32 August -1967, lI&57-1928Z
Aibrook-AYE, canal Zone .(pannja)

X3 RKA MgcJP

R-6R-

R-3, csP

RUN' CA T INlENSIJY -

NQ. CLASS. RMS Ue -(FPS) RMS 2 U(FPS)

2 Vi.

4 L
5 L
6 L

8 L-

YIGHT StLMaRy

JThe ITZ was centered about 100 rmsouth on this date and was marked by weak
convective' activity. A large-area, of height change, between 150 - 20ON,wae evident on the 70 mb Az chart.

The pilot was-directed to sample this region and encountered considerablevery light to light CAT most, of' which was in the vicinity of MCSP.

Notice that a vertical temperature gradient of 1.800/1000 feet with acha,,ateristic waveform existed over MCSP between 45,000 - 60,000 feet (RAOBchart). In the 70 mb analysis, note the warm thermal trough at 70 rnb overMCSP.
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APPENDIX V

RAOB CHARTS .1200z, .11 Auig 1967)

GRAND CAYMAN (AKCG) SAN ANDRES VACSP) H0(MARD'AID OM
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-TEST 237

14li August'2L 7, 1i53-1956Z'

SA¢brook JOB, -Canal Zone (Panam)

FIJGH TRACK,

I .. Q ZQJT0

,CsM

5kA.p FT MU M

'MD

75.

FlIGIT SUMMARY

The ItZ activity was, very light for this date. The OOtAZ analysis had
ihdicated a +significant drop of the 70 mb surface over an area KbWA to MKJP.

The flight route was to IOWA and return to sample that area.

The pilot reported patches of very light to light CAT at wide intervals along
the route.

The 1200Z RAOB between 51,500 - 53,000 feet for MCSP is typical of that
associated with moderate to severe CAT. The vertical temperature gradient
was 3.60C/1000 feet. It appeared the pilot flew across this area at about
60,000 feet and missed the turbulence although the time difference of 6 hours

is a factor also. Notice the well defined thermal trough at 70 mb that was
located over MCSP.
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RAoB cHR~ (l20z, 14 Au 1967)

SWAN ISLAND (KSWA) SAN ANDRES (MP) HWARD AFB OMH
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70 MB TEMPERATURES AND WIN~DS CHART (1200Z, 14l Aug 1967)
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FL3tI SMMY

Data ot ob~ined
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APPENDH-VT

RAOB CHART

Data not obtained.

70 MB TEMPERATURES AND WIIIDS CHART

I Rita not obtained.
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TEST 239

'5 SepitebrM1967, 1733-2056i

-Edwards. Akh, Edwyards, California, U.S.A.

IFJLIGHT TRACK,

oLND

I L

I aimrrI OSLC 0C

OAKJ

<C ~OIJCC i..

LI ~rJ

01MW! OA66

Th lgtwsoto did F uigalyvrpro between excursions

The- 9O ufc analysis showed a weak trough extending from the Gulf of
California through central California and a high pressure (1017 mb) centered

well up into the troposphere. A ratheir weak temperature gradient existed at
70'mb. The skies were mostly clear at all levels except for a line of
ct-ulonibus between UCC and WMC and a- cirrus overcast east of ELY.

Only very light turbulence was reported except for a thin layer of light CAT
at 60,000 feet about 65 miles southeast of liMO and a brief periud of light[ CAT at 54,500 feet 100 miles north of EDW.
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APPENDX VI

RAOB CHARTS

Dqta not obtained.

70 M TME ATRES ARD WnMW CHART

Data not obtained.
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~, APTUDIKVI

Patrick A, Codcft, Florida, 'U.S.A.

FIGHT TRACK

~ aims. m Iifum v
3 uoff

3 L

I lCH

BYEA .A -, 5*
This mission was flown to sample for turbulence over Hurricane Doria. During
-the. time of this flightb Doria was cezftered near 370N, 71OW and about 300 rim.1 e6ast of' Norf'oli, Virginia.

RAOB's, of course, were not available in the sampled area. The RA0B observa-
tions shown are along the route to and from the hurricane. The pilot reported
noCAT along this route.

As lie approached the hurricane from, the west at 60,000 feet he described the
and of' clouds that could be seen spiraling towards the center. The west
bnsdewl fD awsams etca.Eswr ae fcru
uxteidewall fr was aculst veCl. Eapstwaerd a laer of.00 cirru

indicated. Very light CAT was detected. Runs 2 and 3 were processed.
The 70 mb analysis does not include the region aver which Doria was positioned.However, it appears the hurricane would have been under a thermal trough.
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APPMNIX VI

RAoB CaRms (]20z, 11 Sep 1967)
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I TEST 242

Patrick AFB, Cocoa, Florida, U.S.A.

100

W C!0"I W 6, .fs B GO

0 APPENDOA

/L~ / AX
-FPIGIC 

T 

CAC

FLIGHT NIWISN

-The 1200Zsuface chart-for this date showed the eastern third of the nation

to be under the influence of a high pressure system centered over New England.
The large ridge extended southwards to cover the southeastern states and the
sampl1ed area.

At 200 mb, a trough was aligned with the Louisiana- Mississippi border. Winds
were'southwesterly 10-20 knots aver the sampled area.

The RAOB'S show small vertical temperatv-ce gradients over CH3 and JAX, but a
gradient change is evident at 53,000 feet which is near the level of CAT
sampled in Run 2.

A small horizontal temperature gradientb over sampled area is indicated.
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RAOB CHARTS (1200Z, 12 Sep 1967)
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AP I fl .11.TEST 243,

14, eptmber 196. 1525 -1817z

APtrickAB,, Cocoa, -lorida, U.S.A.

r=LGb1T TRACK

i pTPA 75.

7 GMM

0NQX90" 85" 00

.. 00

FLIGHT SULMARY

At the surface on this date, the southeastern states were dominated by the

soUthern half of a large high pressure system covering the eastern seaboard.
Skies were clear to scattered.

lt the 200 mb level the 120OZ analysis showed a weak ridge over the operating

area. Winds were 10 knots and westerly.

The pilot reported one very light patch of turbulence at 60,000 feet over

central Georgia. No runs were processed.

The 120OZ RAOB analysis indicated the vertical temperature gradients over

PNS, MM and JAX were very small.

The 1200Z, 70 mb analysis shows a thermal trough over the Florida coast but a

very small horizontal temperature gradient.
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RAOB CHARTS (1200Z, 114 Sep 1967)
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APMNIX( VI

TEST 24

Ill 15~~eptmber 967,14l1-8Z
'PatrickAh Cocoa, Florida, U.S.A.

vLM-TAK~ 2
A GO3BNA _ -r

I a .T~-~,7jL

I JAX#

scsF! COF

0 TPA 
*75*K 

N

Y

The surface high-pressure ridge described in Tests 2142 and 243 that had
dom~inated the synoptic weather pattern over the eastern third of the nation
J2-'t6rdiigh 14i September 1967 continued to prevail on this date. Light winds
and increased moisture in the lower levels caused fog and haze to form over
the southeastern states.
Aloft, the 1200Z, 200 mb analysis showed a weak ridge positioned over
Mississippi. Winds were north-northwest at 10-15 knots.

The pilot reported a few patches of very light CAT at 51,000 feet near JAX.I No runs were processed.
Notice the small vertical and horizontal temperature gradients on the RAOB
and tmperatures and winds charts.
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RAOB L-24M (1,200Z, 15 Sep 1967)
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TEST 24f5

i8W'Septembr 167, 1351-1656z
0Patrick AFB, zocofloia U.S.A.

flZHT TRACK
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TEST26

19Speibr17 1WO7-1816z
*Pati* Alt.. CboCa, '1rida, U.S.A.

FLIGHTMALIK

,OLCH A

CC

0 NQX

j FIUGHT SLD~1MRY

At,1200Z, a surface ridge that had dominated the synoptic pattern over the
southeastern 'states since 12 September 1967 was still-evident.

Fog and haze prevailed in the lower levels. Hurricane :Beulah was positioned
near 23.4 0N, 95.8 0W at .'OOZ.

The flight track took tL~ :LTtAT airplare within 480 nm of' the 3torm center.

Aloft, the 3-200Z trcopause .. tyi ishcrvwed s. well defined riLdge with the 'xis
over Alabama. An 80 knot jetstrewa ex-tended from Oklahoma to Tennessee and
Georgia and curved southward, towards Cuba.

The pilot reportc1- a.bundant very light CAT ut flight levels 53:000 - 58,000
feet. No run= were processed. The pilot also described the turbulence as
baving an unuasual frequency of about two cycles per second.

Notice the quite cold layer of air near 5.2,000 feet depicted by the 120OZ

12 0, 70 rmb analysis shiows tha an';icyclonic wind flow at that level over
hesoutheastern states. Notice the sampled area was in a thermal ridge and

un ws etreelylight.
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.APPMNIX- VI

RAQB CHARTS (J200OZ, 19 Sep 1967)
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0

TEST 2148
-2.r 196, Sei -1734Z

ai..ck An, CocoF, Floid , U.S.A.

* LIW. TRACK'

CAT11 FTSSY

3' LV CHS

85•  4 *3OLj 0NQX

TPAG- SUMMARY

, MIA €

The stationary surface high pressure system that had first moved over the
southeastern states 12 September 1967 still prevailed at the time of this flight.
A cold front was moving steadily southeastward. however, and at 1200Z was posi-
tioned over southern Oklahoma and extending northeastward to Lake Michigan.

Aloft, at 1200Z, 200 mb analysis showed a weak high pressure system centered
over the Gulf of Mexico. Winds at this level were north-northwest at 10-40
knots over the sampled area.
The pilot reported two areas of t~ibulence, one over southeastern Florida

3 and 4), and the other over extreme western Florida (Run 5).

Notice the turbulence at 59,000 feet in Runs 2, 3, and 4 was first below the
inversion at-61,000 feet indicated on the MIA sounding RAOB chart.

The turbulence at 48,300 feet in Run 5 was below the inversion at 50,000 feet

over VIS.

The 100 mb analysis does not show any outstanding indications of thermal waves
but the horizontal temperature gradient had increased considerably since the
analysis 12 hours earlier.
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"--" t25 Septei er 1s7 t a v e a u n M s i b n

Gorick An , Coco, Florida, U.s.A.

/ CHS
/ JAN 0 OMGU\'I,

0NQX

I gown

southeastern states. Later in the day, weak convective activity ocei.rred.

Alof , the 1200Z, 200 mb analysis showed a ridge over Louisiana and Arkansas
with northwest winds 10-15 knots over the sampling area.

The pilot reported very light to light CAT. Runs 2, 3, and were processed.

The RAOB '2hart~ shows smali vertical temperature gradients over VIPS and very
smal! owver BVE and JAX, two to six hours prior to sampling time.

Thc 703 mb analysis shows two well defined thermal. troughs which rcorrej.~e
well spatially with the turbulent areas if the time adjustment is ma ,
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APPEJUIX VI

RAOB CHAIMS (J200Z, 25 Sep 1967)

BOOTWIUE (WE) - VALPMISO (VPS) JACKSOWLLE (JAX
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TET 250

26 Septqeber 1967, 1353-1743z
• , .!atrick AYE, --'COCow, lorida, U.S.A.

JAXJ
SkW mvr

61,Sk ff
8500

1 .

The 120 Z surface chart for this date showed an extensive high pressure system
* centered near Norfolk, Virginia and extending southwestward to Texas. A wide

band of thunderstorms was located in the northern Gulf of Mexico and eastward
across the southern peninsula of Florida.

Aloft the 120OZ tropopause analysis showed the sampled area was in a divergent
wind flow zone at 45.,000 feet.

The pilot encounirt;ed aLundant very light CAT over most of the roate. No runs
were processed.

The RAOB analysis indicetes there was small vertical temperatare gradients but
numerous gradient changes over JAX, TPA, and NQX.

The 70 mb analysis shows a bhermal trough across north central Florida. At
70 mb %he horizontal temperature gradient (10 C/45 nm) is small (< I°C/25 nm).
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M~OB cARI1s (120Yz, 26 sep 1967)
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TEST 251

27 Septemer 1967, 1349-1757Z

Patrick An', €ocoa, Florida, U.S.A.

° PLM TRACK

an CAT 1r 111111011ML- -. ,-T m, .- j " -- ... I "-os
c O am B" 0TGSO

" ~l W.'[ ,._S"V

1. ~ At the gurface on 27 September 1967, the 1200Z chart depicted an active cold
front over socuth Texas and extending northeastward to western New York. The
front was moving eastward at about 15 knots and creating considerable showers
and thunderstorms along its path. Aloft, the 1200Z, 200 nib analysis showed a
well defined trough with the axis, north-south, centered over Oklahoma.

The pilot reported abundant very light to light CAT over the route of flight.
Runs 2 and 3 were processed.

The MAOB analysis shows a cold layer of air over BVE, VPS and TPA near the
53,000 feet level. Vertical temperature gradients were small but VI'S indic~.ted

The 12OOZ, 70 mb analysis shows a waveform in the horizontal isotherms with
a wave length of about 4150 nm between JAN and JAX.

The horizontal temperature gradient is considered smali (<I'c/25 n).
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'APPENDIX VI

MOB CHAKI (1 Z 27 Sep 1967) k
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POB CHAIkM (.12OYA, 28 sep 19671)
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TEST 253

29 September 1967, 1400-185z

Patric6kAFB, Cocoa, Florida, U.S.A.

a,. CLASS. 5U* MPI US 2 Uj FPS) .

V. LIS _ _ _

I OH.€
o/ O JA I 0 MGM

4 " S3,OWFT

BVF."

~~PATRICK AF -S .

IMIA. ~ 4 I,,ZQ81

FLIGHT SUMMARY

The active, surface cold front that was over western Florida on 28 September
1967 (Test 252) had by 1200Z, this date, moved eastward over the Atlantic.
The southern end of the lfront trailed across lower Florida. Considerable
convective activity occurred along the front over Florida.

At the upper levels the 1200Z tropopause analysis showed a deep trough with the
north-south axis river Alabama. A 100-knot ijeTstream at 39,000 feet curved
around the trough passing over southern Mississippi, Alabama, central Georgia
and northeastwards along the eastern seaboard.

The pilot encountered abundant very light CAT. Runs 2, 3, and 4 were processed.

The 1200Z RAOB analysis indicates the best turbulence should have been
oetween 49,000 - 58,000 feet.

The vertical temperature gradient through the layer was abort 20C/1000 feet.
It is probable that the 6-hour difference in time between observation and
sampling accounts for the CAT being less intense than expected.
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APPENDIX VI

RAOB CHARTS (1.200Z, 29 Sep 1967)
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TEST 25h

2 Octdber 1967. 1351-1753Z

Patrick -AFB, 'Cocoa, Florida, U.S.A.

17IGIff TRACK

UJ- C AT INTESITY
'"I cuAss, RS EPi RMS 2 UVfF5)

-- . . ... 'PS) OAHN,

JAN S OMGM

eve

COF

90" 8 54,2T) rr

59,000 FT M YGM

MIA_ ., .. "

FLIGIMP SUMMARY

centered over norther± Carolina covered all of the states east of a line from

Texas to the Great Lakes.

The front that had passed over Florida two days earlier was stationary across
the Floida Keys. Scattered thunderstorms were observed from the Bahama
Islands to the Florida Keys; aloft, a ridge at the tropopause level had its
axis over Texas and Oklaho'a. Winds over the flight track area were
generally northwez-berly.

The pilot report light CAT over the frontal zone and the scattered cumulonim-bus. Runs 2 nd 3 were processed. Also a few "ripples" were noted over VPS.

The 1200Z RAOB analysis shows small to very small vertical temperature gradi-
ents over VPS, TPA and NIA. The area was sampled. about three hours after RAOB
time.

The 70 mb analysis shows a very small horizontalltemperature gradient over the
flight track area (~I°C/150 nm) a gradient of this character is usually asso-
ciated with either very light or no CAT.
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RAOB CR s (120, 2 oct 1967)

VALPARISO (VPS' TAMPA (WA) MIAMI (MIA)° / -- I/
65J1 7i l

° -

-
t

TES.E.ATRE- - 70EE C

70 SS

- -* - -/- -,0,-.1.

55 90-

397

505

-75 70 -65 -60 -7S -70 -65 -50 -75 -70 -65 0

TEWvERATURE -DEGREES C

70 NB TEMERATURES Ai;D WINDS CHART (1200Z, 2 Oct 1967)

jOGL Ne PIA 11 4, -,

\\4-DAY7
/ sO

I FsX "A 3

I 1.) *'4s

JA397



I APPENDDC VI

TEST 255

Ferry flight from Patrick AFB., Florida to Edwards APB, California, U.S.A.

3ST Octbe 19B SUF
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RAOB CHARTS

Data not obtained.

70-MB TEMPERATURES AND WINDS CHART

Data not obtained.
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TEST 256

16 N6v.iber 1967,, 1821-2254Z

Ediards AFB, Edwards, California, US.A.

MeffI TRCK
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12 LI
UCC \_.,.____.. .

This was the first of 30 flights out -6f Edwards AFB between 16 November i967
and 29 February 1968. A weak surface low was positioned about 300 miles off
the Central California coast with a ridging of high pressure to the north and
east. A cutoff low at 500 mb was centered directly over the surface low. The
jetstream was from the southwest with maximum speeds jn excess of 80 knots

Sover northern California. Clouds covered most of central asd coastal Califor-
nia but it was generally clear over the water.

Only light, patchy turbulence was encountered. Two short runs were recorded
near OAK and another patch over the water west of Eureka, California.

No large deviations of vertical temperature gradient were noted for any of the
RAOB'S along the flight path at the altitudes flown.

The 70 mb anslysis shows a shallow tongue of warm air was moving into
Southern Cala 'ornia from the north at 70 mb.
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TEST 257

17 November 1967, 1906-2256Z

Edwards AFB, Edwards, California, U.S.A.

FLIGIf TRACK

Ift ,\Oos. 1- ,- O No,2 . "s.

--I a 0 l oRAP
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.01

AK+ ELYo  0  ( it

iii I .G Af OI 0

120. A! ,

i. FLI GHT SUMMY

A broad-but rather weak low pressure system dominated the surface flow pattern
along the West Coast. The trough at 500 mb had deepened from the previous dayand was now located about 250 miles off the southern California coast. Winds

were weak ix the vicinity of the tropopause.
A rather extensive area of turbulence was found about 50 miles east of VBG. a

The turbtulence extended over a vertical layer of at least 3600 feet.

Highest readings of +0.4 g were at 48,000 feet, corresponding to the rela-
tively stable layer at VBG between 45,000 and 49,000 feet (RAOB charts), the
lowest flight level.

At 100 mb a tongue of warm air was located over southern California. There was
no evidence of convective activity and only scattered, clouds at flight time.
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RA.oB cHARTs (ooC)oz, 18 Nov 1967) _____
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TEt' 258

20 -November -19j67, J.80-2309Z

Edwards At, tdwards, California, U.S.A.

FLIGHT TRACK

Mj q  '.CAT, MsNY,

0OB0e M. CASS. US UdAP JS vMa
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o.0. o°I
OA ILD

\oucI L..... 41
LA \ AS

4120

-\W.

TheIG00SU MAOW that had p~r~sted for se~teral days off the California coast

deepened considerably adathetime of this flight, was about 200 miles off

the southern California coast. The trough axis was nearly east-west. An
east-west orien'ced jetstream flowed across the southern tip of California
with maximum winds of l00 knots at 35,000 feet over MYF.

Some light patchy turbulence was recorded along the northern California coast.
An extbensive area of light to moderate tutrbulence was- located between VBG and
EDW. The vertical extent was from 5)4.,100 feet to 56, 100 feet.

No peculiarities in the temperature sounding at VB were observed in this layer
(RA0B chart ).

The 100 nmb analysis showed a warm thermal trough penetrating from the north

along the West Coast. 1
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RAOLB CHA1WS (000Z, 21 Nov 1967).
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TEST 259

21-November 1967, 1807-2143Z

Eowards AFB, Edwards, California, U.S.A.

FLIGHT TRACK

0809 MM aA$S. M S'u Vua'SO No UFS)
0 FR 2' L"

5 t LOf
? toIIWMC L ,-

0 SLC M L .1!
EYL__o7 tG ._ D

O ..

ONsIO

FLIGHT SUMMARY

The surface low observed the day before this test continued to persist off the
southern California coast. Skies were generally overcast over California with
tops about'3o,0o60 feet.

Aloft, the 1200Z, '00 mb analysis indicates a trough oriented southwest-
niortheast over central California and Nevada. Upper- level winds were
130 knots, or more, in the extreme southern part of California but much
weaker near OAK, which was on the upwind side cf the trough.

The 1200Z, 70 mb analysis shows a small temperature gradient with winds cross-
ing the isotherms in the OAK area. Evident on the 1200Z RAOB is a well defined
vertical temperature gradient of 3.50C/1000 feet between 60,000 and 63,000
feet. Note this occurred about seven hours prior to the CAT measurements.
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IRAN-, CHARTS (1200Z, 2 Nov -197)
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TEST 260

22 Nkvember 1967, 0033-0303Z
4'dwards -AnF~B ~wAid', Calffornia, U4 S.A.

FLGTRA&

OAEF'ft9 8 'B M ' S . CAT 3IM 2 MITYS

3 I, 0

VOO WMC i %t ' L

0IOGJT

LAS)

VBG EDW OINW 0

/2 --'esk, .,i

T.his was a night flight, abbreviated because of' engine difficulties. Sky*1 conditiofls had changed considerably from the previous afternoon flight with

only broken to scattered, cloads over cenlra1 California and mostly clear

skies to' the north. The 500 mb low that had persisted for several days was

beginning to 'fili and move eastward.

An attempt was made to repeat the, flight pattern around OAK where extensive

light turbulence was found appr6xaiately five hours previous. Some very light

turbulence was recorded at 49,000 feet and only a Tew,-ripples above.

S AM

~NIi
skeN o m te oirlth T re 50m valo4atblepr for severalghtayevels
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IRAOB CHARTS'r

Data not a~a11abI6.
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28 koveier 19"67, 0Olf3-OCf3Z

Ed.s "An, -Edwards, "California, U.S.A.

FLTLG73 TSAC

' xx 
CAT 
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3 VL 134 0 jSLC
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o aat M 6rnta ui

mas o ar xene wvT h otenscin fNwMxc n Aio n

LAXAS

/ONSPO 1-2
1200 ANYF 5tuGFr

I ~ OTU

FLIGHT tSIME8Y'

At 0000Z,, 28 November 1967, a large, surface high pressure system was centered

j over Kansas. A cold front that bordered the southern peariphery of the cold
mass of air extended over the southern-sections of New Mexico and Arizona
causing showers in those states.

Over the flight route, winds were mostly westerly at about 50 to 60 knots.

There was no jetstream in the test area. Patches of very light turbulence

were encountered along the route between Albuquerque, New Mexico and Yuma,

Arizona. The very light CAT that was encountered between ABQ and TUS at

58,500 and 58,000 feet was near the level of the vertical temperature 
gra-

dient that can be seen on the ABQ, sounding. No RAOB was received for Yuma.
Notice that vary light to light CAT occurred in an area of small horizontal
temperature gradient apparent on the 70 mb temperatures and winds chart.
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TEST 262

4' 29 November 1967, 173I.2228Z

Edwards' AFB,.Edqards, California, U.S.A.

=--FLG1M 'TRACK

iniC T WMuuny

[ 4 L as
5 34 S X7.ir- oow-
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Al ~~ OTUSM

Arapidl'dvancing cold front, asctewiha petrbto i hmest-

eastflo moingacross the Southwest, was accchp~nied by widespread clouds

Some very light to light turbulence was encountered between 60,000 and
62,000 feet on both the outbound and inbound legs over flNW. An extensive
area of rather intense turbulence occurred in the layer between 56,000 and
60,000 feet.

A pronounced horizontal temperature gradient is evident between GJT and I1NW
and UCC and ABQ (RAOB chart).

The most severe turbulence (±0.5g) was between 57,000 and 58,000 feet where
a vertical temperature decrease of 1.700o/1000 feet is noted. No turbul1ence
was found above 61,000 feet or below 56,000 feet in this area.
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TES7 i63
30 Nodiember 157, 0042-403Z,

Edwards AFB, -Edwards, California, U.S.A.

ELidH TRACK

M CAT, N-MSSY
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1209

OTS - fvuf@

I GIHT SUkMY

An occluded front was advancing towards the flight area from northern
California. Southern California was on the fringe of an upper level trough
but very littl cyclonic circulation was present at 500 mb, Clouds were
generally north of EDW and mostly low.

This was a night flight, keeping within southern California for the entire
flight track. Very little turbulence was noted anywhere along the flight.

The 70 mb chart shows small horizontal temperature gradient in California
except in the extreme southern portion of the state.

The only radiosonde data close to the flight track, MYF, shows a slight inver-
sion around 52,000 feet but otherwise no evidence of wave motion.
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APPENDIX VI

RAOB CHARTS (0000z, 30 Nov 1967)
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C TFwT-267

2-, bdecirabe 1967, IiO1157,O62CYZ

Edwards -An. Ewrds, Cal~orpia, U.S.A.

FLIG1H 'TRACK

CAT W fOgM M

2 L inj

>3"- WS~ L..
OSL

-4 U I I
14' L~ L V L: ELY

'LX LX ELY-

U.L to

'22 S 3

3-L to9 L LAS

__S AEJO

10L6~V ______________

ThO Sl SIMR
1~ f Thi was a ight flght whi h loweTet26baou5.h r.Tepit

Ti wa ove c ntral NewMeico. wids fowe aThestrongb alout at3 allrs he pilt
200 ibnskiuces weo learati threu m ofetera arasaio Tst26
Seere seeturbulence was eport ed n nm tea amelctina o h peiu

flight; the most abundant turbulence was between 51,000 and 52,000 feet.

The 10(Ymb temperature gradient between GJT and ABQ is not especially large.

However, a 90C difference between the two stations exists at the level of the
maxim turbulence. The sounding at ABQ shows large fluctuations at several
levels while flNW is relatively smooth (temperatures and winds chart).

~416



APPXNDIX I

BAOB CHI.tfS (00007., 2 Dec 1967)
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RPLOB -CHARTS (OOOOZ, 3 Dec 1967)
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A-high pressure system coverfid most of the Southwest- at the surface but a cold
front iias.- advancing, t otenClfri n eaaac~ne~ymd
erai6rt n A pe evltog remained stationary qff-the coast of Oregon
and Washington with west-southwet winds at 590 mb persisting across the-entire
country.

-Light turbulence-was 3reported southwest. and' south of,"WMC above ,60,000 feet and
again at. 53,600 feet but very little- elsewheire.

A thermal trough is present on the 70 mb chart between WMC and SLO but hori-
zontal temperature gradients are weak.

WMC sounding shows a slight inversion between 62,000 and 64~,000 feet. Very
lit'le-temperature change with elevation exists at OAK, whereas 'ELY has a
1500 total change between 58,500 and 63,500 feet.
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EAOB CHART (OOOOZ, 31,Jan 1968),
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TEST 270

31 January-i February 1968, 2053-0031Z

i U~~Bw&rd An -tch, jvrs Pa= 6rnia -U4.VFIGHT -TRACK
CAT SW * (

CL5 -1S inyw fm 0WMC I \

nuILU

" \\I•ELY 0 GJ

0 

1

: ~ ~~~OUCC ,_L -'--

''-A
-2. . .UM.

,3o.

A long wave trough at 500 and 300 mb was centered over Arizona and New
Mexico. Winds vere ,quite strong at 35,000 feet, 115 knots at TUC and 90 knot-,
at IW. Ridgingwas evident behind a cold front extending from New Mexico
into the Dakotas,. There were no significant clouds above 10,000 feet.

The only persistint turbulence throughout the flight was over LAS at 54.,000
feet, but only of the very light category. One short run was recorded north-west of IhW at 62,700 feet, again only very light turbulence.

No sharp gradients are evident in the temperature pattern at 70 mb along the
flight track.

The soundings for INW and TUC are rather irregular in their vertical structure
between 52,000 and 63,000 feet. However, no significant turbulence was
found at these altitudes.
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TEST 271

1 ind 2 February i98, 2054-o15liZ

Edwards AP%, Edwards, C.alifornia, U.S.A.

FLIGHT TRACK
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U I
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J ,-
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'0,u 
i, oABI

* T:YI-M -OTUS oMAF

I I\

The entire Southwest wad under the influence _)f high pressure at the surface
and a ridge aloft.

Thei-pilot reported some light turbulence at 60,000 feet in- eastern New Mexico
both on the outbound and inbound legs; all other turbulence was of little con-
sequende., Skies were clear east of INW iith some cirrus to the west. Maxi-
mum winds along the flight path were 85 knots at 40,000 feet over fIW.

There is a rather strong temperature gradient between GJT and INW (RAOB chart)
but no pronounced gradients along the flight path.

ABQ sounding shows a moderately sharp inN .rsion near the height where the pilot
reported turbulence east of this station.
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FALOB CHART (OOOOZ, 2 Feb 1968) I

wttNSum ([A*)- IUWQUCRQIE WODQ AMARILLO (MWA

65

65 -15
-7z6 4 5 7 6 4 5 7 6 4 5

110

/14 64

TEWEATUR - DEGEE C--~I



• 0

~APIDI V1,

TEST 272
o0

2February 98,0O-0649Z~~1968, 0308-6
- 'virds AIP, Edwards, California, :U.S.A.

LIGMT TRACK

-~o WMC

OSLC

10'

KOTUS

I~ P smeaRY

* ~ This' was a night flight covering the same area as Test 271 earlier in the day,
with the exception of tu.rning north at .ABQ, instead of' flying east to AMA.

High clouds still persisted west of Phoenix, Arizona but had dissipated by
the return flight. The synioptic& pattern remained about the same as during
the prsevious flight.

.Only very light turbulence was recorded northeast of ABQ between 62,000
and 64',000 feet which is in the same general area as the mediumn horizontal
temperature igradient (~1loC/22 m) at 70 mb and the rapidly fluctuating ten-
perature change i ith height at ABQ.
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EPLOB CRAM~S (COOZ, 2 Feb 1968)
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- - TEST 273

RWvzds AFh, 'E&rdps-, California, U.S.A.

- WM, TRACK
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LIG r. SUNMMARY

High pressure at theosurface covered most of the West. The flow at 500 mb
was ntear4y west-east. Scattered clouds were present in the south with mostly
cloud skies ar'c&duiGJT and ELY.

The pilt reported some light turbulence over GJT at 51,500 feet and near ELY
at 55,000 feet. A limited- area of light to moderate turbulence was reported
east of E.Y between 55,000 and 56,000 feet.

The. 70 mb herizontal temperature pattern shows a well defined thermal trough
extending southwest from Nevada to the southern California coast.

A 79C temperature gradient is seen between VBG and NSI, a distance of about
100 miles. Both WMC and GJT soundings exhibit inversions near the levels where
the turbulence was reported. However, ELY'S sounding had no significant levels
between 150 and 50 mb.

428



WjNMXA(j..ky(y M JtnN -'Ck

60 -

-6

50

5

-7 -0 - - -704 - - -704 -- 0-55

0.
A,12

7MBT ER UESMDWIND C.R .ooZ 3 .Feb.1968

/ \ SLC -- top

51-- tt

33. 0

4129



APif DIX Y

TEST 274

5 Feruay 168,2030-2349V
* AFB, Edwards, California, :U.S.A.
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LAS.
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A weak ,surf'ace front extend ing from Idaho into northern California was

dissipating upon comi into contact with high pressure over the Great Basin.
At '500 mb a crtoff low# was located 200 miles- off the central California coast
but the flow was generally weak otherwise. A cirrostratus deck covered most
of the flight area.

There were only a few patches of very light turbulence south of LAS at
53,00(. feet.

Although VBG and NSI show only slight variations of temperature with height
between 150 1and 50 mb three distinct inversions are nol~ed on 1gF's sounding.

A very weak temperature gradient is seen at 70 mb,.
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iRAoB cmas (ooooz, 6 .Feb 1968)
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+ . TEST Z75

Eft L ardi An., .Erhs., Califoina,: U.S ,A.
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H$.gh pressure covered most of "the Rocky ,Mount ain Sta es, with a-wea k trough
along'the Pacific Coast . Acold core low.+ st off the central Caslifornia coast
extended from below 700 mb on up into the high troPOsphere. Cirrostratus
clouds Werereported over most of Arizona.

Only occasional "ripples" occurred during the entir e flight, generally around
56,000 to, 57,00 "feet. 1

T!he soundings at both INN and ABq (PAOB chart) indicate fairly stable condi-

tions in-the lower stratosphere, this was enhanced by the rather cold temper-

atures at'150 rob.

The temperatures and winds chart show' that the temperature gradient is weak

and the winds light aver-the entire western United States.
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M&OB CHAFE (00094z 7 Feb 1908)
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TzsT 276

8and 9 Februay 1968 25-6106Z

UBvards AIEdvgrds, Caiona.U.S-.A.
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RAOB CHARS (OOOOZ, 9 Feb 1968)
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AMB CHLRTS (0000Z, 10 Feb 1968)
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TEST 278

12 'ebn=r 1963, 203h39

q ~dAPB, Edwards, 'Oaifoinia;, U.S.A.
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Low pressure and' scattered light rain d6minated the surface weather picture in

the Southwest. A -southwest -nrtheast trough at 500 mb extended from western
Montana through central California. Clouds were general except over the San
'Francisco area and out over -the water.

Only patches of very light turbulence were reported by the pilot, at 65,000

feet above MYF and 100 miles southwest of OAK from 5%0001to 57,000 feet.

The RAOB's for these stations shcw no unusual temperature fluctuations.

Horizontal temperature gradients were very small throughout the entire flight
area.
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On this. date, cold arctic air was moving-,from Canada into the western half' of'
the U.S'.A. Widespread. raiznfall that had fallen throughout the Southwest for

th revioiis twodybeatodcrses an occluded front moved southward
itoe oArizonn o~ereea
stog Aioa and New Mexico. Flow- aloft was predominately west.-east with

wt iig nds extending over a deep layer in New Mexico and Texas.* Clouds
covere~d most of the area, east of theRockies with. some rain clouds visible.-to
the'-lee of' the mountains.

S Extensive but very light turbulence was reported by the pilot on the outbound
leg of the flight track between 52,500 and 63,j00 feet from western Arizona
to. Colorado, A patte'n--was flown above Pueblo, Colorado, 90 miles south of'
DEN . Tuirbulence-was found between 53,000 and 61,000 feet, very light at the
extreme altItudes and light or better around 59',G)O feet. Light turbulence
was-also redozr'cd ati 62,000 feet northeast of' ABQ.

Thi's flight was made in conjunction with the NCAR mountain wave investigation.
Cthf'r aircraft taking _..~uutaneous measurements at lower altitudes were a

T-33 and aB-7

The IRAOB for AB3Q.shows a pronounced inversion and lapse layer beti.een 54,500
an& 64.000 feet. A familiar wave pattern is seen on the 70 mb thermal atialy-

sis with a medium horizontal gradient (1oC/25 nm) east of ABQ.'1 440



- -
4-

a

.5.. -

AP~EXDIX VI
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At OOOOZ, 17 February 1968, a mass of cold arctic air was positioned over

northern Colorado and -southern Nebraska. Overcast skies and snow showers
prevailed along the cold front. Skies were partly cloudy over Denver. The
uppe level winds were from the northwest over the western states and from
the west over the central states. Conditions seemed favorable, for the occur-

' - rence of r.cuntain waves over the Denver area, and a test was flown to inves-
tigate *bhs possibility.

This test was made in conjunction with the NOAR mountain wave investigation.
Other aircrafI participating at- lower altitudes included a Q~.een Air, a T-33,
and a B-57. Daring a vertical search pattern over Denver, light to moderate
CAT was encountered near 55,000 feet, and the pilot reported about 8 minutes
of severe CAT approximately 80 miles southwest of Denver on the return flight.

Notice that medium vertical temperature gradients (1.5 to 2.50 0/1000 feet)
were evident from 52,000 to 67,500 feet over Granby, and 55,000 to 67,500 feet
over Denver. The 70 mb temperatures and winds chart shows the relatively
strong flow that exist'ed at that level. Winds were particularly strong just
east of the Rockies. Also note the large waves evident in the horizontal
temperature analysis. This type of wave is normally associated with moderate
or greater CAT.
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RAOB CHARMS (GJ!I and- DEff - OOOCYZ, 17 Feb. 1968; Granbly 3 i64M;Z 16 Feb. 1968)
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TEST 282.

" .19-and20 Febrry 1968- 'M-
EXdards'AP, Edwards,, California, U.S.A.

*FLIGNo TRACK
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idg:ng over the estern States extended all the way from the ground to above

200 mb. The surface high, centered over Utah, was gradually weakening, Broken-
to-overcast high, thin cirrus covered most of the flight track area. The polar
and subtropical jetstreams were far to the north and south of DEN. However,
winds were especially strong in the higher altitudes, exceeding 85 knots over
GJT and 70 knots over DEN at 45,000 feet.

Three altitudes were flown over DEN. Very little turbulence was reported at
-the. lowest-altitude, 52,000- feet The- pilot reported light to moderate turbu-
lence east of DEN at 57,000 feet and moderate to severe turbulence west of
DEN at 62,000 feet and on the return leg to GJT at 64,000 feet. The heaviest
turbulence processed on this latter leg w..as only light. No significant
turbulence ,*asl-observed west of GJT.

Thiii f3ight was made in Conjunction with the mountain wave investigation con-
duced by NCAR. A Queen Air and a T-33 made simultaneous low altitude
penetrations in the test area.

The DEN sounding shows several layers above 45,000 feet and below 64,000 feet
with inversions. Note that the two sharpest inversions began at 58,000 feet
and 63,000 feet, i.e., close to the altitudes where the turbulence was found.

A moderately strong north-south horizontal temperature gradient can be seen at
70 mb in the vicinity of the turbulence.
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'The' suirface 'high was located over the Great Basin with strong ridges aloft,

- west of~ Colorado. Winds were relatively lght tallvl ntefih
area. bhiL a few high thid6lds were present.

-IThere was a brief run -of lighlt turbulence reported by the pilot west-southwest
of WK t 61i500 feet'but otherwise the flight was smooth.

The sounding for"M shows nearly isothermnal 'conditions at this level.

-A cold tongue appears onl the 7094b thermal analysis in the vicinity of the
inbound flight bath where no turbulece was found. However, warm air seems to

* be moving into the WMJ area.,
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TEST 285

29 Jebruay 3~6,209-233%Z
tards AFB, Ewaid.s, California, U.S.A.
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II

The HICAT airplane flew in close proximity to the T-33 of -the Canadian National
Aeronautical Establishment in order to obtain simultaneous turbulence recordings.

The persistent surface high and ridge aloft pattern continued in the West.
Winds alo, were fairly light, only 10 knots at 500 mb, in the flight area.
Mostly clear skies prevailed.

The planes flew at 39,000 feet on the outward leg. The BICAT airplane flew at
4f9,000 feet returning to EDW. The flight was uneventfal except for some very
light turbulence 1.00 miles southwest of GIT on both legs.

The RAOB chart shows that an inversion above f0,000 feet at GJT falls in between
the two flight levels.

The 200 mb temperature gradient, although moderately strong along the flight
path, is oriented more or less at right angles to the wind indicating little
advection.
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