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The wind vector as given in this report is considered
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INTRODUCTION

For several years upper atmospheric winds over the lower West Indies
have been studied by firing high altitude ballistic probes from a specially
modified sixteen-inch gun. The installation of a similar 16" gun at Yuma
Proving Ground, Arizona, early in 1966 has made possible & similar study
of winds in this region. These firings are being carried out by the U. S.
Army Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland,
under the direction of Dr. Charles H. Murphy, and by the Space Research
Institute of McGill University, Canada, under the direction of Dr. G. V.
Bull.*

Atmospheric winds are studied by releasing chemical trails from the
gun-fired probes during the upper portion of their trajectories. To date,
the primary chemical which has been released is trimethyl aluminum (TMA).
TMA produces a chemiluminescent glow in regions of the atmosphere above
85 kilometers, thus allowing the trails to be photographed while being
distorted by upper atmosphere winds. The photographs are then reduced to
provide wind information by Space Instruments Research, Inc. (SIR), using
computer techniques.

The purpose of this report is to summarize results of these studies
for the period from September 19 through September 20, 1966. A ''Table of
Trail Information" is given on page 14 and lists the trail number, shot

number, date, time and altitude interval. Previous results for winds

*Present address is Space Research Institute, P. O. Box 144, North
Troy, Vermont.




over Barbados, West Indies, are covered in Technical Reports No. 1, 2, 3,

and 5. Technical Reports No. 4, 6, and 7 cover previous results for winds

over Yuma, Arizona.
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DATA ACQUISITION

The chemical trails are formed almost vertically over the Island of
Bartados (longitude 59.4°W., latitude 13.0°N) and extend from an altitude
of approximately 85 kilometers through apogee. In some firings, TMA is
also released on the down leg of the trajectory. To the unaided eye, the
chemical release first appears as a straight white trail resembling a jet
contrail. UWithin a minute or so, the trail is distorted into strange
shapes by the upper atmospheric winds (see Figure 1) and fades from view
within approximately fifteen minutes after initial release.

Space Instruments Research has established eight photographic tri-
angulation stations on the Islands of Barbados, St. Vincent, Grenada, and
Tobago, with two sites per islandf These sites are located to the west and
south of Barbados at distances of 190 to 290 kilometers (see Figure 2).

Equipment at each site, built by SIR, consists of a camera unit
containing two seven-inch focal length cameras mounted on a concrete
pedestal, and an electronic control unit. Cameras are automatically
pulsed to take exposures of 3, 6, and 12 seconds duration every 30 seconds.

Since commercial power is either unreliable or unavailable at many
site locations, SIR has developed a battery operated l15-volt power supply
for the control equipment. The power supply is tuning-fork controlled
and provides 60 cycle power with an accuracy of 0.005% for the camera
programmer so that pictures can be taken simultaneously at each site. A
data block containing 24 tiny lights, mounted in each camera unit, records
time, firing number, and site information in the corner of each frame of
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A short-wave radio net connecting all sites and the launch control
center has been installed by SIR to enable the launch control officer on
Barbados to be informed of weather conditions in the islands and to synchro-
nizge plcture-taking operations with the firing of the gun. Most sites are
operated by local personnel wvho have been trained by SIR.

During a typical night's operation, the gun is fired at one to two-
hour intervals, from sunset to cunrise. Photographs are taken by all sites
during the time that the trail is visible. The film is then returned to

Atlanta for processing and data reduction.
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DAT.. REDUCTION

" Several computer programs have been developed which make it possible
to calculate upper atmosphere winds from measurements made directly on the
photographs of the luminous trails.

Since the method used is basically three-dimensional triangulation
using spherical trigonometry, it is necessary to know precisely the direction
each camera was poirted during a given firing. The direction is determined
by first taking accurate measurements of the locations of several star
images on the film, and then computing the azimuth and elevation of the
optical axis of the camera by means of a computer program. This computer
program makes use of the celestial coordinates of some 6,000 stars which
have been stored on magnetic tape.

Wind speeds and directions are then Jdetermined from the location of
the trail in space at a succession of iknown times. The location is found,
using either a point location program or a trail location program, or both,
and depends on the physical shape of the chemical release cloud.

Point locatiocn method. If the chemical release exhibits discrete

points (resulting either from turbulence or from the nature of the release
mechanism) and these points can be identified on films from two or more
islands, the point location program can be used to calculate the position
of each point in longitude, latitude, and altitude above sea level.

These calculations are made from data taken at successive times. A
wind program is then used to calculate both vertical and horizontal winds

from the motion of these points as a function of time.
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Trail location method. Most of the chemical releases produce a
smooth trail having few, if any, identifiable points. In such cases,

film coordinates of a large number of incremental points along the film

image of the trail are fed into the computer from data from two or more

islands. The trail location program attempts to triangulate each point

from one site with many points from another site, finally choosing points
! from both sites whose optical peths from camera into space form the closest

- spatial intersection. After doing many hundreds of such calculations, the

computer is able to construct coordinates for a mathematical curve in the
shape of the trail in space. 'Then, as with the point location program,

winds can be determined from the motion of the curve with time. Here,

however, it must be assumed that vertical winds are essentially zero.

This assumption is borne out by previous studies which have shown vertical

winds in this altitude region to be of the crder of a few meters per

second compared to horizontal winds ranging up to 150 meters per second.
Corrections for variables such as atmospheric refraction, rotation

of camera about optical axis, and camera focal length, are incorporated

into the programs to maintain high accuracy. Focal length and camera

rotation are, in fact, calculated from measurements of the positions of

star images on the films.
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INTERPRETATION OF DATA

Following the "Table of Trail Information," horizontal wind velocities
are presented in tcbular form and in plots of wind speed, direction, and
components.

Winds were calculated at altitude intervals of one kilometer. Points
on the various plots show the actual computed result, as listed in the
table preceding the plot. A curve has been fitted to each set of points
to aid in detecting wind patterns and to indicate reliability of the plotted
results. Each curve has been dréwn with a knowledge of intermediate results
leading to the wind calculations and of the consistency of the winds as
calculated between each of the five or more time intervals used. In cases
where point-to-point curve fitting was not thought to reflect actual
variations in wind speed, direction, or components, a more appropriate
smooth curve has been drawn. Otherwise, the curves are fitted directly
to the data points. Results of certain portions of the trails are at
times less accurate than others due to the spatial orientation of those
trail segments relative to the available photographic stations. Less
accurate data also can result from photographs obscured by haze and clouds
and from trails of short duration.

Wind speed plot. This plot shows the speed of the wind in meters
per second as a function of height in kilometers above sea level.

Wind direction plot. The wind vector is considered to point in the

direction toward which the wind is moving. The direction plot shows the
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direction of this vector in degrees clockwise from north as seen from
above. Thus, a wind direction toward the east would be 90 degrees.

Wind compopents plot. While plots of wind direction and speed do
completely describe the wind vectox, it has been found helpful in studying
wind patterns to present the north-south (N-S) and east-west (E-W) velocity
components of the vector. In the north-south plot, north is positive; south
is negative. In the east-west plot, east is positive; west negative.
Components are plotted in meters per second versus height in kilometers.

The wind direction and components described above are references to
true north. In addition, components have been calculated relative to
magnetic north for comparison with other ionospheric phenomena. These
components are not plotted but are listed in the tabulations preceding
each set of plots.

Throughout this report, where shorter notation was desirable, "Up"

or "U" and "Down' or 'D" have replaced uptrail and downtrail, respectively.
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Figure 1

PHOTOGRAPHS OF FIRING ZETA

Photograp.s Taken 142 Seconds After Firing

Barbados St. Vincent Grenada

hese pictures were taken from three islands just before the vehicle reached

apogee. Note that the winds have already distorted the trail. Numbers indicate

Taken 222 Seconds After Firing

St. Vincent Grenada
This set of pictures was taken at completion of the downtrail. The uptrail
shows continued effects of the winds, while the lower portion is new and
slightl iistorted. Stars can be seen in the background of these
res. The positions of these stars are used to decermine the exact
directi ea camera was aimed.
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Location of 8.I.R. photographic stations
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Two stations are located on each of the four islands, as shown. While only
one station of each of any two islands is sufficient for determination of
winds by triangulation, several ssations were found necessary bacause of
prevalent cloud conditions in the area. Accuracy of the data reduction is
also increased by the use of films from more than two islands.
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Fig. 3
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TABLE OF TRAIL INFORMATION

Trail Trail

No. Name_ Date Time (AST) Altitides (Km)
B51 Beta 19 September 1966 20:55:09 94-128
B52 Gamma 19 September 1966 22:24:06 89-135
B53 Delta 20 September 1966 20:10:00 91-122
B54 Epsilon 20 September 1966 101:23:00 90-109
BSS Zeta 20 September 1966 02:24:00 92-115
B56 Eta 20 September 1966 03:18:00 83-124
B57 Theta 20 September 1966 04:03:00 87-127
B58 Iota 20 September 1966 064:46:00 86-124

B



NOTE:

TABULATIONS AND PLOTS

EIGHT TMA TRAILS - 19-20 SEPTEMBER 1960

The wind vector as given in this report is considered to

point in the direction toward which the wind is blowing,

(that is, a west wind 1is toward the west.) Most meteoro-
logists are accustomed to a 180 difference, (that is, a

west wind is from the west.)
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TRAIL NO. BS51 BETA
BARBADOS 19 SEPTEMBER 1966 20-55~09 AST
UP TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) {DEG) (M/S) N-$S E-W N=-5 E-W
105.0 54¢2 2446 1404 19.9 10.1 2244
10660 4547 2146 151 1545 1146 18,2
107.0 2645 2240 19.7 9.8 1763 13,6
108.0 0.8 2849 2849 Oe4 2842 6¢3
109.,0 35147 4440 4306 -6e4 4440 ?.6
110,.,0 34443 50,1 48462 -1346 50«0 -305
111.0 3388 503 4649 -1R.2 4946 -B8e3
112.0 30645 43.5 25.9 -3540 3245 -ZQ.O
113,0 23046 5742 ~3643 ~44,2 -26e5 -80,7
114,0 21540 90.8 =T4eb -52.1 -6243 -66,1
115.0 21242 112.9 -95.% -60e7 -81.3 -78,3
11640 2108 13049 ~11245 =6T7.0 -9645 -8R 45
1]700 20005 1‘*700 ’12709 "'7203 "11005 “9608
11840 2063 151.4 =13547 67,2 -119.2 ~03,4
119.0 20243 15448 -143.3 -58.7 -12844 -R6.6
120.,0 20043 15545 -14549 -53.8 -131.9 -82,3
121.,0 19648 12340 =146.5 4443 -134,.4 =731
122.0 19542 14746 -142.5 ~28.6 -121.7 -6647
12360 19245 12746 =134,2 =297 -125.5 -56.4
12‘6.0 190.8 13002 '12709 =24 45 -12003 "'5000
12560 190.9 12645 =124.2 -23.9 -116.8 =48,6
12640 194,62 121.9 -118.2 -29.9 ~109.7 =5343
127.0 191.9 10643 -104.0 =220 -Q7.4 -42,7

i



TRAIL NO. B51 BETA

BARBADOS 19 SEPTEMBER 1966 20-55-09 AST
DOWN TRAIL
WIND WIND WIND COMPONENTS (M/S)

I.TITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) (DEG) (M/$S) N-S E-w N-$S E-W
94,0 3065 33,5 1909 =269 2449 '2203
950 31648 65,2 475 ~4446 55.6 =34.,0
9640 33042 7546 6546 =37.6 71.9 =23.5
97.0 34745 80.2 7843 =174 80+2 ~lel
9840 0.6 85.2 852 0.9 83,2 18,2
99.0 116 83,2 8le5 1647 T6e4 32,9

100.0 18.1 5446 5169 1649 4764 2701

101.,0 34,1 47,3 39.2 2646 33,0 34,0

102.0 40.8 47,0 3546 3067 2846 37.3

103,0 4767 35,3 23.7 26,1 17.9 30.4

104,0 4803 30.6 2044 2249 15.3 2646

105.0 51e1 3046 19.2 23,8 14.0 2742

10640 4448 2866 203 20.1 15.8 23,8

107.0 267 30.9 2746 13,9 2442 19,2

10840 2049 34,8 3245 124 293 18,7

10940 35449 53,0 528 =447 5267 6ol

1100 34604 5347 5262 -1246 53¢7 -1e7

111.,0 32845 48,7 41.6 =2545 4569 =1645
112,0 283.95 27.0 6e¢5 =262 11.7 =24,43
113,0 22247 59.0 =4247 =40.8 =33.5 -48,46

11‘0.0 21400 9003 =748 '5005 -6300 =64,.6
1150 213.2 121.1 -101.3 6643 ~8547 =85,5
1160 21145 12649 -108,2 ~6643 -92.5 ~8649
117.0 209.9 137,.,3 -119.0 -68,5 -102.6 -91,2
118,0 2077 145.0 ~128+4 -67.3 -112.1 =92,0
119.0 205¢5 15‘0.0 -13900 -6643 "12206 "‘93.2
120.0 203.0 158,1 =14545 =61.9 =129.9 =902
121.0 202.3 158,.4 -14645 -60.1 -131.2 -88.6
122.,0 20045 15242 ~14246 -53,2 -128.8 -81l,1

123,0 197.1 143,95 -137.2 -‘02.1 -12508 “69.1
12440 195.8 137.4 =132.2 =374 -121.8 =63,.5
12540 19442 131.4 =127+4 -32.3 -118.2 - AN
12600 19201 12100 '11803 "'250’4 "110.7 "08.9

127.0 193.1 114,5 -111.5 =25.9 -103.9 -48,0
12840 19044 116,2 ~114.3 -2049 -107.7 -43,7

Eai ML a

-
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WIND SPEED
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WIND DIRECTION TRAIL NO. B51 BETA

* UP 19 SEPTEMBER 1966  20:55:09 AST

4 DOWN H.A.R.P. BARBADOS

B e e

Py Guy oy

i R v S e |

'3

Pt

146

142

138

134

130

126

122

18
HEIGHT
(km)

14

n

102

|

| 1 | L

o

240

320

e

40

TR e e A

120 200
DIRECTION (deg)

280




TRAIL NN,
BARBADOS 19 SFPTFMB
UP TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
(KM) (DEG) (M/S)
89.0 13842 5241
90,0 13640 6640
91.0 15644 56¢4
92.0 17846 38.7
93,0 291.8 37.6
94,0 3lheb 5560
95.0 33“07 7004
96.0 34149 89,9
97.0 34743 9664
98.0 35649 93.5
99.0 27 93.1
100.0 343 Bueh
101.0 3.8 7045
102.0 35749 44,46
103.0 01 29.4
104.,0 10.8 19,0
105.0 33540 12.2
106,0 317.0 1046
107.0 239.5 5549
108.0 21944 108,0
109,0 210.8 130.8
110.,0 2079 14747
111.0 20649 1617
112.C 20649 168.8
113.0 20749 17569
11440 2078 17241
115.0 20843 170,9
116.0 20841 16346
117.0 22645 15147
118.0 2038 136,11
119.0 20240 11743
12040 1997 103,2
121.0 19646 4245
12260 19242 B=e0
12100 lgﬁo% Y .7
124.0 180.7 E7e47
125.0 17340 49,9
12640 17146 40,8
127.0 169.9 2443
128.0 18047 11.8
129.0 31446 7.0
130.,0 33444 2Ce4
131.0 337.0 31,1
132,0 33540 3642
123,0 3421 40e7

EET

B52 GAMMA
ER 1966

22-24-06 AST

WIND COMPONENTS (M/S)

GFOGRAPHIC
N=-§ E-w
‘3808 3447
‘“705 4549
-%1.7 2206
-318,7 0.9
1660 -34,4,9
3G48 =37.9
7148 -33,9
85.5 ‘27.9
9460 =211
93¢A ‘501
9340 bot
8444 448
T0e4 47
44 46 ~1e7
2Geb 0.0
1847 3.6
11.1 -4,49
707 ‘7.2
-2%.3 48,42
-83.& '68.6
‘]1204 -664.9
-13n,2 -hR,.0
~144.,1 -73,2
-150.5 =763
~155.4 -82.3
-152.3 ~8043
—-15046 -50e9
-l44e4 =769
=126,7 ~6747
-123.6 -hh o 6
~-108.8 -43,9
'Q7o? -24 .8
—38.7 =264
~-f1.1 =176
’7007 _707
-5747 -7
‘4905 6-0
—Q003 509
=239 442
-1).8 -0.1
449 ‘5.0
1844 -B.8
2846 -12.72
2248 =153
3Re7 125

MAGNETIC
N-§ E~-W
—QSQO 26.1
-5548 3543
“RSoz 1106
-38.1 -T7e0
2N.8 -3143
46417 =29.0
772 -18.6
89.4 ‘]0.0
9643 ~1a6
92.5 14,0
902 23,2
8147 21.8
6840 1849
4440 Tel
28.8 6.0
1746 Te3
11.9 -245
9.0 ‘5.5
“1709 -52.9
_6707 "84.1
-9645 —8803
“11105 "0309
~1256.2 10049
‘13109 105.3
‘13504 1120?
‘132.8 10906
-131.0 109,8
-125.8 10446
“11901 “0309
-109.9 ~78,.6
-9746 ~65,1
-88.1 -53,8
‘81-5 “43.9
-75.8 ‘%3.7
-67o3 —2108
-56e4 -12.4
~49.7 -442
‘4007 -2.“
-24.3 ~047
-11.5 =245
508 *3.9
19.8 -449
3Ne5 -6,1
3502 ’8.3
4004 -4.4



Ty pany

TRAIL NO.
BARBADOS
DOWN TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
(KM) (DEG) (M/S)
107.0 223.3 132.1
108.0 2177 154,.,9
109.0 21440 161.9
110.0 210.6 16843
111.0 2085 17167
112.0 207t 17247
113,0 20842 167.9
114,0 2076 19844
115.0 206e¢4 149,8
116.0 203,11 138.8
117.0 200,9 129.1
118.0 198.1 119.1
119,0 19543 10646
120.,0 193,0 S444
121.0 1873 82.8
122.0 183.0 71.3
123.0 1765 6leb
124,0 17461 47.9
125.0 170.2 39,1
12640 17543 2443
127.,0 17843 1662
128,0 20448 be
129.,0 30443 12.8
130.,0 31847 2544
131.0 322.7 4642
132.0 3226 T2e6
133,.0 323.3 Tbeb
13460 32667 93,3
135.,0 32964 9540

B52 GAMMA

19 SEPTEMBER 1966

22-24-06 AST

WIND COMPONENTS

GFOGRAPHIC

N-S E-W
-9642 =906
‘12206 =04 ,8
-134.3 -9045
-144,8 -B547
-15Ne9 ~81.8
~153.8 -8042
~148.0 =793
-140,4 -73.3
=134,1 -€646
=127.7 ~Rbhel
‘12006 -46¢0
~113.2 =3649
-102.8 -28,.1
-G2.0 -21.2
-82.1 ~10e6
=71e2 -3.7
-61e3 308
=477 50
—3805 6.7
~2he2 20
~1642 0e5
—6.] —208
7.2 ‘1006
1940 -16.7
3608 ‘2800
577 =44.1
6]02 '4507
7840 -51.2
8108 ‘4804

(M/S)

MAGNETIC
N-S E-w
-75.8 -108,.3
~100.8 -117.7
-113.1 -115.9
~-12444 -113,3
-131,.1 -110.7
-134.3 -1n09,8
-128,.8 =07 T
=12246 -100.3
-117.8 -92,5
-11440 ~79,2
—10807 ’6005
=103.3 =59,.1
-94,.,9 ~4844
-8508 -39.4
-7842 “2701
-6940 -18,1
-6008 -807
4767 °a.8
-39.1 -1,.3
-2401 -3.0
-16.0 —2.8
‘50“ ‘4.0
9.2 -8.9
2240 =1245
41.7 ’19.9
6545 =-21,5
69.2 ‘3203
868 =34,3
89.9 -30.8



WIND COMPONENTS TRAIL NO. B52 GAMMA

UP  DOWN 19 SEPTEMBER 1966  22:24:06 AST
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WIND SPEED TRAIL NO. B52 GAMMA
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TRAIL NO.
BARBADOS
UP TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
(KM) (DEG) (M/7S)
91,0 19747 41,3
92,0 21442 27.8
93.0 299.3 2342
9440 33542 42,4
95.0 35942 6242
9640 19.3 6446
97.0 2847 68,0
9840 35.3 61.7
99.0 445 4448
100.0 6945 2440
101.0 1714 537
102.0 17745 129
103.,0 11569 78,0
104,0 17467 8647
10560 17743 9047
10640 1961 108.8
1070 21642 114.9
10840 2295 93,1
109.0 23249 9641
110.0 23443 877
111.0 23443 757
112.0 24043 53.8
113.0 24042 44,0
114.0 241.1 3747
115.,0 249.2 27.8
116.0 26804 19,9
117.0 28743 18.8
118.0 29749 16.1
119.0 3361 18.3
120.0 359.0 20.0
12140 35040 2864
12240 25240 2649

B53 DELTA

20 SEPTEMBER 1966

00-10-00 AST

WIND COMPONENT
GEOGRAPHIC
N-S E-W
-36.3 -1246
‘3103 ‘21.2
1103 '2002
3944 ~-18,2
6202 '009
60.9 2146
5946 2247
50e4 3546
21.9 31,4
Bed 224
-53.1 8.0
=72.9 2,1
‘77.8 506
-8604 800
-9006 Q.3
~10446 -30.1
=927 -67.8
-60.5 ‘7008
=-584.0 =766
‘5]02 -7102
“4402 ’6105
=266 “46e7
~21.8 -38.1
‘1802 ‘1300
‘909 ‘25.0
‘006 '1909
5.6 -1%2,0
75 ~14e2
1607 '7.4
2000 ’003
2749 =449
2606 ‘307

S (M/S)
MAGNETIC

N-S E-W
‘35.9 '2003
-26.3 =271
1562 =17.5
42.3 -0,.8
6l.1 11.8
553 33,3
5147 44,1
42,1 45,1
2449 3742
367 23,6
~-534.6 -3.0
=720 '11.8
‘7703 '1“.3
'8602 ‘9.7
‘8906 '1402
‘9603 '5007
~77.0 -85,2
~4449 -81.6
-41e2 ~8648
-35.,7 =-80.1
-30.8 -69,2
~16.6 ‘5101
~1346 ~4147
-1101 ‘36.0
~444 ‘2705
3.5 -1906
9.1 -1645
1042 -12.4
17.9 -3.9
1946 3.8
2843 0e9
2648 1.8



TRAIL NO. BS3 DELTA

BARBADOS 20 SEPTEMBER 1966 00-10~00 AST
DOWN TRAI'.
WIND WIND WIND COMPONENTS (M/S5)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) (DEG) (M/S) N-S E-w N=-S E-W
10640 19347 111,2 -108.1 ~2643 =10045 =4747
10700 21801 116.7 ‘9109 "'7200 -7544 -%'-?.2
108.,0 229.1 93,2 ~61.1 =705 -4545 -81,.4
109.,0 230,11 B3,.4 ~5245 -6440 -39.4 -73.5
110.0 23543 T6e7 -43,6 -62,1 -2949 ~T0.6
111.0 24067 6747 -33,1 -59.1 -20e4 -6h446
112.0 24442 5763 -25.0 -5146 ~1440 =-554¢6
113.0 24801 4642 -17.3 =42,0 -8e2 ~-45,46
11440 2556 35,61 -8.7 -34,0 -l.6 =35,.1
115,0 26846 2644 ‘006 -2644 448 "2600
11640 28667 21.9 63 -21.0 1Ne4 -19,.,3
117.,0 300.9 23,8 1243 =205 1642 ~1746
118,0 319.1 2345 1747 ~15.4 2045 -11,5
119,0 327 ¢4 24,42 2045 -13,1 2247 ~847
120.0 331.1 27.4 244D -13,2 2642 -840
121.,0 B8e2 23.4 2342 2,3 22.0 749

122.0 35565 3649 3648 =249 2646 Leb
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WIND SPEED TRAIL NO, BS3 DELTA
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TRAIL NO.
BARBADOS
UP TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
{KM) (DEG) (M/S)
90.0 1065 10.5
91.0 34167 28.8
92.0 35246 4542
93,0 0e3 6444
94.0 15¢4 75.9
950 2843 8l.3
96.0 33.2 869
97.0 33,2 82.2
9840 6le4 504
99.0 14643 513
100.,0 170.3 98,9
101.0 17445 99,0
102.0 1779 99,2
103.0 187.0 80.5
104.0 18401 693
105.0 20064 44,6
10660 24849 41,1
107.0 2741 5067
108.,0 289,.8 6649
109.0 2941 86,8

BS54 EPSILON
20 SEPTEMBER 1966

WIND COMPONENTS (M/S)

GFOGRAPHIC
N-S E-w
=3.0 10.1
274 -9,0
4448 -5.8
64e4 0.3
732 20.1
7146 38,5
7247 47.6
68.8 4540
2441 4442
-42.7 2805
-97.5 1667
-9846 9.5
-99,1 346
‘7909 ’908
-6902 ~540
~41.8 =1545
~=14.,8 -3844
3.6 -5045
2206 '6209
3504 ‘7902

MAGNETIC

N-S E-W
=540 9.3
2847 -3.2
45.0 3.4
63.0 13,4
67.6 34,6
62.3 5242
6145 6144
5842 5840
1446 48,2
=4Teb 1942
=9849 ~3.,5
-9845 -10.7
-97.8 ~1646
‘7602 -25‘8
-66e7 -1900
-37.8 -2307
-6e7 =4Ce6
13.8 -4808
3449 =57.,0
5007 -7304
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~ il NO. B54 EPSILON
WIND Coonry o ob N
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‘ H.A.R.P. BARBADOS
E-W
T 1 1 ’ T || 1 I
I l I T | | I | 4
146 b— -+ =7
p— T =
140 |— == =
p— -+ -
138 — T ]
134 |— T =
P - d
130 }— T |
b L o4 ‘
126 b— + =
n + =
122 b— + =
e p— T o
Hf'GHT r... - -
(k M) —f
na p— T
N T -1
ne p— —
- -
106 t— _—
r-. L
102 }— =
r_ —
98— =
U =
- -y
90 p— =
86 p— =
-
F L
120 120

SPYED (mts)



TRAIL NO. B54

WIND SPEED
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WIND DIRECTION

TRAIL NO. B54 EPSILON

20 SEPTEMBER 1966 01:23.00 AST

e UP
H.A.R.P. BARBADOS
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TRAIL NO.
BARBADOS
UP TRAII!
WIND WIND
ALTITUDE HEADING VELOCITY
(KM) {DEG) (M/S)
89.0 314.6 4544
9040 339,0 40.7
91.0 34845 61.7
92,0 35846 82.,3
93,0 549 9061
94,0 24 46 86,2
9540 3449 T647
96,0 6061 55.3
97.0 9345 64,8
98.0 123.7 6442
99,0 13842 576
1C0.0 15946 8346
101.0 1665 100.3
102.0 1717 9540
103.,0 173.1 7540
104.0 17443 6344
105,0 197.0 2645
106,0 2624 2945
10740 29566 5545
10840 30849 6640
109.0 31942 7662
110.0 32645 8761
111.0 333.0 7548
112.C 33645 10545
113.,0 337.8 110,2
11440 34249 11042
115.0 34646 86e7

B55 ZETA

20 SEPTEMBER 1966

02-24-00 AST

WIND COMPONENTS

GEOGRAPHIC
N=S E-w
3le5 =32.3
3766 ~lbe4
60.0 ‘12.1
82.3 ~240
8947 Re3
7844 15,9
6249 43,9
2745 47,9
‘3.9 64.6
‘3507 5304
~4249 1844
~7843 29.1
=977 2248
-9400 1307
“74.5 9.0
-6301 6.3
-25e¢13 ~-Te7
-3.0 -2903
ZQQﬁ -5001
41.4 ‘51.4
5708 ‘4908
7206 -4801
85413 -42,5
9647 =-472,1
10241 ~41.6
10504 ~32¢4
8443 =20.2

(M/7S)
MAGNETIC
N=-S E-w
3767 ‘2502
39.7 -665
6l.2 0.3
8ls0 14,3
8549 272
6945 fle1
5267 56,8
17.2 52,5
~1649 6245
-45.8 45.0
-49,.8 28,9
'8206 1206
’100'3 205
‘9408 -5.7
‘7408 -603
-63,.1 ~646
-23,2 =12,7
261 ‘2905
33,7 4442
5100 ‘41.9
667 -3700
8009 ‘32.3
9244 =253
10302 ‘21.6
10844 =20.0
109.8 =10.3
8606 ‘2.7

el

B e
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TRAIL NO.
BARBADOS
DOWN TRAIL
4IND WIND
ALTITUDE HE'DING VELOCITY
(KM) (DEG) (M/5)
92.0 Te2 9345
93,0 1761 92.0
04,0 2546 98.7
95.0 6248 6167
96.0 12404 7067
97.0 12742 69,3
98,0 143.8 1267
99,0 16243 88,9
100,0 172.8 91.8
101.0 1752 79.7
102.0 17140 625
103,0 19349 30.8
104,.,0 2618 3C.1
10540 29043 60,0
10640 290.3 5447
107.0 307.8 T4e2
108.0 31440 7608
109.0 32046 8le7
110.0 32849 88.0
111.0 337.5 100.5
112.,0 34142 8649
113,0 34442 8545
11460 34342 79.6
11560 331.7 1762

B55 ZETA

20 SEPTEMBER 1966

02-24-00 AST

WIND COMPONENT
GEOGRAPHIC

N-S E-W
9207 1107
88.9 27 ¢4
89.0 4246
2862 5449
-3909 58.‘0
=41.9 5562
‘5806 4300
‘8“.6 27.1
-91.0 11.6
-7906 6.7
=61e7 9.8
-2909 ~Telt
=447 =29.8
20.8 =563
1904 ‘51.1
4544 -5846
53e¢4 ~5543
63.1 =51.9
7543 =-4544
92.8 =3844
82.3 -2801
8243 =23,2
T6be2 ~23e0
6749 =366

S (M/S)
MAGNETIC
N-S E-w
BBe4 3063
8l.5 44,49
7845 59,8
1645 5945
‘5009 Qool
-5202 45.5
‘66.1 3002
-88,3 9.4
‘91.5 ‘701
‘7901 "9.6
-6204 ‘2.9
~27.8 -13,13
1.8 =30.1
31.8 =509
294 -4601
56e4 ~4842
63e5 ~43,3
723 ‘38.0
83.0 =29.2
98,7 =18.7
86.3 ‘10.8
8543 =640
79.3 =740
7369 ‘22.0



WIND COMPONENTS TRAIL NO. BS5 ZETA

up DOWN 20 SEPTEMBER 1966  02:24:00 AST
N-S o A
H.A.R.P. BARBADOS
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WIND DIRECTION TRAIL NO. B35 ZETA

o UP 20 SEPTEMBER 1966  02:24:00 AST

A& DOWN H.A.R.P. BARBADOS
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B56 ETA

20 SEPTEMBER 1966

TRAIL NO.
BARBADOS
UP TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
(KM) (DEG) (M/S)
88.0 6947 1064
89.0 99.8 5¢3
9040 3.5 60623
91,0 10.1 70,3
92.0 130 83,8
93,0 174 98,3
94,0 2948 84,49
65,0 5265 6643
9640 7065 72.6
97.0 9343 7249
98,0 12843 81,8
99,0 14344 87.3
100.0 142.1 103,1
101,0 140.8 109.8
102,0 145,.9 10644
10340 16244 73.0
10440 19643 35,9
105.0 2613 38.8
10640 28345 5349
107.0 30143 6761
10840 319.1 8040
109.0 32844 91e7
110.0 332,5 9741
111.0 3401 96e2
112,0 345,.8 93,1
113,0 352.1 8845
114,40 35840 9044
115,0 5ol 89,2
11660 11.3 8744
117.0 1548 89.7
118.,0 2040 90,2
119.0 2245 89,7
12040 2249 90,0
17160 2143 91.9
122.0 1648 10046
123.0 2146 91.5
124,40 14¢3 1161

WIND COMPONENTS

GEOGRAPHIC
N-S E-w
346 967

-0.9 562
60.2 3.7
69.2 12.3
B8le6 18.9
93.8 2944
7347 42,2
4044 5246
2443 68.4
=41 7248
-5047 6402
'70.0 5201
-81l.4 6343
‘850] 6944
~88.1 59.7
~-69.€ 22.C
=34.5 -10,1
-509 -3847
126 =524
3409 —5703
6044 =524
7801 °4801
86.9 =-473,2
90e4 =32.8
9042 =22.9
B746 -12.1
9003 ‘3.2
88.8 8.4
85.8 171
B6e? 244
84.8 30.9
8249 3443
82.9 35.0
8547 33.4
9643 29.1
8542 13,5
112.5% 2847

(M/S)
MAGNETIC
N-§ E-w
le6 1062
-109 4.9
5842 15,9
6544 26,1
7641 35,1
854G 47,8
6346 5603
28.9 59.7
9.9 71.9
-18.8 T0e4
-62.7 52.6
-7901 3608
"'9206 45.4
~97.4 5047
-98.4 4046
‘7206 704
-31.7 ‘1609
240 =-38.7
2300 -4807
4548 =49,0
69.8 -39,0
8602 -3102
93.9 -24.6
9542 -13.8
93'0 ‘4.1
8842 549
89,1 1542
8542 26,3
8045 34,2
7945 410“
76.8 47,5
Tbel 50¢4
74.1 51.1
7761 50.1
88«4 4801
7646 5061
104.3 5140
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TRAIL NO. B56 ETA
WIND SPEED

e UP 20 SEPTEMBER 1966 03:18:00 AST
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I
I

Lo |

BARBADOS
UP TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
{KM) {DEG) (M/S)
87.0 39,7 2443
38,0 239.0 249
89.0 338.1 2245
90,0 3.3 43,2
91.0 358.0 Tlel
92,0 6«6 83,9
93.0 2Cel 9245
94,0 5167 733
95,0 69e¢4 75.9
96.0 8461 80.,0
97.0 106.0 84,.8
98,0 12840 87,7
99,0 1379 9745
100,0 147.2 111,2
101.0 155.,0 107,2
102.,0 158.1 6446
103.0 165¢4 44,2
104.0 194.0 33,1
105.,0 2436 35,2
10640 2909 4065
107.0 31R.3 68.7
108,0 32%.0 82.4
10940 333,1 91,95
110.,0 34044 93,2
11140 348,3 94,1
112.0 35761 93,8
113.,0 409 S4.7
11440 107 9541
1150 149 9546
11640 169 Q8,2
11740 1566 102.7
118.0 1745 104,1
119,0 16e4 114,7
120.0 15.9 136,72
12140 159 141,1
122.,0 217 121.7
123,0 29.3 84,6
124,0 4144 5242
12%.,0 62,0 33,0
12640 10644 2243
127.0 14163 30,0

TRAIL NO. B57 THETA
20 SEPTEMBER 1966

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-W
18.7 1545
-1.5 =245
2048 -B.4
4342 265
Tle1l =245
83.3 946
869 31.8
4545 5745
2647 71.0
8+2 7946
=23.2 B8le5
=-5440 69,1
=723 6544
‘93.5 60.2
~97.2 45,42
-60.0 24,1
=429 11.1
-32.1 -840
-1547 -31.5
140: -3709
5107 -45.7
67.6 -470?
8l.6 =41e5
87.8 ~31,3
92.2 -19,1
93,7 -4,8
94.3 Bel
9344 17.6
924 2446
9440 2845
984 2%3
99.3 313
110.0 2.4
133.8 28,2
13547 386
113.0 45.1
73.8 41.4
39,2 34,5
15.0 294
-7l 2443
=22.4 18.8

MAGNETIC

N=-S E-W
15,2 19,0
-100 -208
2241 ~4,0
4148 11.2
70.1 12,0
7946 2663
7846 48,8
32.9 6545
117 7449
-8.1 7946
-3944 7501
-6649 5607
-84,.1 49,4
-103.8 40,0
=10444 2445
-63.6 1104
-44,.3 2¢2
-29.8 =-14.4
-9.0 =34,0
21.9 ‘34.1
5944 =34,2
756 ‘32.6
8803 -2401
92.3 '12.8
94,2 0,0
92,7 14,3
907 27,1
B7.9 3642
8545 42.9
863 47.0
90e4 4867
90.9 5048
101l.1 54,41
12343 64,6
1250 654
101.5 67,1
63.9 555
314 41,7
847 31,8
-11.9 2204
-2647 13.7



R | — — — T - - e oo = o _— e — e o—

TRAIL MO,
BARBADOS
JOWN TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
(KM) (DEG) (M/S)
89,0 35149 5564
90.0 047 63,1
91.0 2¢4 6648
92.0 128 B8B7.1
93,0 251 9346
9440 39,7 R2.5
9540 7973 T2ets
96,0 9Ce5 84.9
97.0 109.9 90,9
9840 134.9 91.8
99.0 14248 10546
10040 15647 114473
101.0 15845 94,9
102.0 15842 71.0
1N3,0 18046 4047
10440 24140 4167
105.0 256-' 37.4
10600 ZQOab Alo“
107.C 319.7 AN &
10860 330,.8 8B.4
109.0 33644 92, ¢
11040 34201 94 4R
111.0 34845 9540
112.0 35841 9445
113.0 52 98.7
1T4e0 121 Q6P
115,0 1640 ¢ .7
i 16.0 1947 1 QR 2
11740 AR 10345
118.0 247 109,79
119.,0 2449 117.2
12060 251 124,07
121.0 2660 12840
1220 31.0 T77.6
123.,0 3944 6040
124.0 51e6 45,0
125.,0 9844 2846
12640 11948 2048

B57 THETA

20 SEPTEMBER 1966

WIND COMPNONENTS

Gr OGRAPHIC

N-S
5447
631
6647
8540
B4.8
A3e5
13e¢4
-0e7

_%100
~6448
—8&.1
-10540
-8R,
—6500
’4707
e A1)
-ﬁ.7
140“
5469
777
BS54
907
93.1
G444
98.1
94,7
0245
Q(}.r\
95,7
9949
106.3
112.72
11540
665
4647
280
-4,2

-154%3

E -
~-fe6

CeB

2.8
1943
39,8
527
7141
84,9
8545
550
539
4542
14 .8
26eh
A
=36 ,0
-3f a9
—3808
‘“7oq
-6 o?
-7%7e73
“29-]
‘18:9
_301

9.0
2047
2B
33, ¢
3G o U
4640
49,43
52.6
562
40.0
38.1
3543
2843
267

Cg6 ks

(M/S)
MAGNETIC

N-S E-w
5563 2e7
6le6 13.6
64e7 1643
7943 3642
7449 5642
5165 6445
-1.3 7263
-17.9 83,0
-47.7 TTels
~76e7 5065
“9501 45.5
“11200 22.9
-93.5 16.]
-6909 12.5
-3G .4 -806
‘l?oq -39.3
-1.0 -37,.9
2200 ’35.1
63\“ ‘35.2
Bh4eds ~2646
9049 -1902
9442 -10.2
95.0 Oeb
93.1 16,1
9444 28,8
BB 6 30,1
84,9 46,3
B8B7.7 5245
85,7 5840
88.5 65.3
9441 69,9
99,3 7443
101.2 T8e4
5740 $2.7
3746 4647
202 40.3
-949 26.9
~20.4 23.0



WIND COMPONENTS TRAIL NO. B57 THETA
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WIND SPEED TRAIL NO, BS7 THETA

e UP 20 SEPTEMBER 1966  04:03:00 AST

4 DOWN H.A.R.P. BARBADOS
T I | l N | ' ! I T
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WIND DIRECTION TRAIL NO. BS7 THETA
* UP 20 SEPTEMBER 1966  04:03:00 AST

& DOWN H.A.R.P. BARBADOS
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TRAIL NO. R58 IOTA
BARBADOS 20 SEPTEMBER 19¢6 (NN
UP TRAIL )
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GFOGRAPHIC MAGNETIC

(KM) (DEG) (M/S) N=S E-u N-S E-W
8600 33603 3664 330‘0 "'14.7 35.7 -7.6
87.0 33448 4045 3666 =17.2 39.3 -9.4
88.0 34142 45,9 43,5 -14,.8 45.6 -5¢7
89.0 35645 5065 50e4 -3.1 5060 Te2
90.0 357.0 5560 5449 =248 5463 8ol
91,0 1062 63,0 6240 11.2 58e4 2346
92.0 10.4 7067 6946 1247 6546 2646
93,0 4046 6246 4745 4067 38,2 49,5
94,0 679 71.0 2648 65.8 12.9 69.9
95.0 82.1 7846 10.7 7769 =543 T8k
96,0 98.8 82.0 -12.5 81.0 ~2847 7648
97,0 12209 101.6 =5542 8542 =714 72.2
9800 131.0 12208 '80.5 92.7 "9707 74.4
9900 1370] 135.0 ‘9809 92.0 "11505 70.0
100,0 140465 139.0 -107.2 8844 ~123.,0 64,8
101.0 14446 12544 -102.2 727 -114.8 504
102.0 149.0 75e4 =646 38.9 -71.2 2540
103.0 122.9 31.9 =173 2648 =224 2247
10440 10246 17.8 =348 174 -T¢3 1643
10540 35043 11.5 11e4 -1.9 1145 0e5
10640 34242 3346 32.0 -10.3 33.4 -3.6
107.0 35446 53,0 5248 =500 527 5.8
108,0 Tebs 8046 80,0 10,3 7642 2643
109,0 234 9643 90.2 3345 8le5 5161
11n,0 29.1 94,2 82.3 4548 713 61,6
111.0 32.0 94,9 B80.5 5063 6846 6546
112.0 34.8 94,6 777 5440 65.1 6847
113,0 33.2 105.6 88.4 57.8 7448 7446
114.0 2746 126.8 11244 5847 98,1 80.3
115.0 2242 139,90 12867 5246 115.3 7746
11640 1844 154,2 14643 4845 13344 772
117.0 19.2 161.% 15249 5361 138.9 83,1
118.0 2042 171.0 16045 59,1 145.1 9045
119.,0 2406 155.6 14145 6447 12544 92.1
120,0 34.0 123,6 102.4 69.1 8642 88.5
121.0 43.8 100.5 7266 69.5 5740 82.8
122,9 5046 7942 5062 6142 36.7 70.1
123.0 6340 5446 2468 48,47 1444 5247
124.,0 104.9 28,0 =Te2 270 =125 2540
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