
BRL 

UPPER ATMOSPHERE WINDS FROM 

GUN LAUNCHED VERTICAL PROBES 

I (Includes 
Barbados, 21-22 June 1967 
Yuma,  12 June 1967) 

I SPACE INSTRUMENTS RESEARCH, INC. 



BRL CONTRACT 169 

FINAL RZPORT 

UPPER ATMOSPilEI(E WIhDS FROM 

GUN LA WCHED VEF,TICP.L PROBES 

Includes 
(Bsrbcdos, 21-22 June 1967) 

(Yuz3, 12 June 1967) 

Prepxed  for 

Commanding Officer 
USA Aberdeen Resoarch & Cevelopment Center 
ATTN : AIdXRD-XS% 
APp.rdegn Proving Ground, Maryland 21008 

Contract No, PA-01-003 -~MC-l69(x) 

Prepared by: 

94Ir2e Fiup 
John Fagot 
Rcsearch Ass is tant  

Approved by: 

J * -  
Ho-ward D. Edwards 
Tech%ical DLrector 

E.3scsrch Ass is tant  

SP!.CE INSTRLtEEFS FESEARCH, INC. 
Atlcnta, Gwrgia 



................... Introduction 

Data Acquisition . . . . . . . . . . . . . . . .  
Date Reduction . . . . . . . . . . . . . . . .  
Interpreta t ion of Data ............. 
I l l u s t r a t i ons  . . . . . . . . . . . . . . . . .  
References . . . . . . . . . . . . . .~ . .  

........... Table of  T ra i l  Information 

Tabulations and P lo ts  . . . . . . . . . . . . .  
. . . . . . . .  Table of Ground Plot Informtion 

GrouudPlots . . . . . . . . . . . . . . . . .  
Three TMA Tra i l s  on 21-22 June 1967 and 12 June 

NOTB: The wind vector a s  given in  t h i s  report  i r  considered 
t o  point i n  the direct ion toward which the wind is blowing. 
( tha t  is. a west wind is towardothe west) . Wet msteoro- 
l o g i s t s  are accustomed t o  a 180 difference. ( tha t  ia .  e 
west wind i s  from the west) . 



For several  years upper atmospheric winds over the lower *st 

Xndies have been studied by f i r i ng  high a l t i t u d e  b a l l i s t i c  probes 

from a spec ia l ly  modified sixteen-inch naval gun. The i n s t a l l a t i W  

of a similar 16" gun a t  Y w  Proving Ground, Arizona, ea r ly  i n  1966 

has made possible a s imilar  study of  winds i n  t h i s  region. These 

f i r i n g s  are  being carr ied out by the U. S. Army B a l l i s t i c  Research 

Laboratories, Aberdeen Proving Ground, Maryland, under the  direct ion 

of Dr. Charles H, Murphy, and by the  Space Research I n s t i t u t e  of * 
& G i l l  h i v e r s i t y ,  Canada, under the d i rec t ion  of Dr. G.V. Bull. 

Atmospheric winds are  studied by releasing chemical t r a i l s  

from the gun-fired probes during the upper portion o f  t h e i r  t r a j ec -  

tor ies .  To date, the  primary chemical which has been released is 

tr imethyl aluminum (TMA). TMA produces a chemtluminescent glow i n  

regions of the  atmosphere above 85 kilometers, thus allowing the 

t r a i l s  t o  be photographed while being d i s to r ted  by upper atmosphere 

whtds. The photographs a re  then reduced t o  provide wind information 

by Space In .s t rments  Research, Inc. (SLR), w ing  computer techniques. 

The purpose of  t h L  report  is  t o  summarize r e s u l t s  of these 

s tud ies  fo r  the  period from June 21 through June 22, 1967, and 

June 12, 1967. A 'Table of T r a i l  Information" i s  given on page 20 

and lists the t r a i l  number, shot nwnber, date, time and a l t i t u d e  

intsrval .  Previous results fo r  winds over Barbados, West Indiee, 

* 
Resen t  address is Space Research I n s t i t u e ,  P. 0. Box 144, North 

Troy, Vermont 



a r e  covered i n  Technical m r t s  Noc 1, 2, 3, 5, 8, and 9. Tech- 

n i c a l  Reports No. 4, 6, and 7 cover p r e v i o w  r e s u l t s  f o r  winds over 

Yuma, Arizcna. Included i n  t h i s  r epor t  a r e  ground p l o t s  f o r  a l l  

previous sho t s  t h a t  had both an up and down t r a i l .  The ground p l o t s  

a r e  divided i n t o  two sec t ions :  (1) the  t r a i l s  formed a t  Barbados, 

and (2) the  t r a i l s  formed a t  Yma. T r a i l  information f o r  a l l  of  the  

s h o t s  covered i n  the  ground p l o t s  can be found i n  e a r l i e r  BRL repor ts .  

Only sho t s  wi th  both an up and down t r a i l  a r e  included. 



The chemical t r a i l s  are formed almost v e r t i c a l l y  over the  

Is land of Barbados (longitude 59.4'~, l a t i t ude  1 3 . 0 ~ ~ )  and extend 

from an a l t i t ude  of approximately 85 kilometers through apogeer 

The Yuma t r a i l s  are formed almost d i r ec t l y  over the gamsite (longi- 

0 
tude 114 .3°~  l a t i t ude  32.9 N) and extend from an a l t i t u d e  of approx- 

imately 85km through apogee. In  some f i r ings ,  TMA is  also released 

on the down leg of the t ra jectory.  To the  unaided eye, the chemical 

re lease  f i r s t  appears a s  a s t r a igh t  white t r a i l  resembling a j e t  

contra i l .  Within a minute o r  ao, the t r a i l  is d i s to r ted  in to  strange 

shapes by the upper atmospheric winds and fades from view within 

approximately f i f t e e n  minutes a f t e r  i n i t i a l  release. 

Space Instruments Research has established e ight  photographfc 

t r iangulat ion s t a t i ons  on the Islends of Barbados, St. Vincent, 

Grenada, and Tobage, with two s i t e s  per island. These s i t e s  are  

located t o  the  west and south of Barbados a t  distances of 190 to 

290 kilometers (see Figure 1). While only one site on each of two 

i s lands  is  required f o r  data reduction purposes, the e ight  s i t e s  

have been found desi rable  because of cloud conditions i n  the area. 

Three photographic t r iangulat ion s t a t i ons  have been established 

a t  Yuma and Gila Bend, Arizona, and Blythe, California. These s i t e s  

a re  located a t  distances of up t o  150 kilometers from the gunsite 

(see f igure  2), 

Equipment a t  each s i te ,  bu i l t  by SIR, consis ts  of a camera 



u n i t  containing two seven-inch foca l  length  cameras mounted on a 

concrete pedestal ,  and an e l e c t r o n i c  control  unite Cemeras are 

automatical ly pulsed t o  take exposures o f  3, 6 and 12 seconds 

dura t ion every 30 seconds. i 

Since c o n m r c i a l  power i s  e i t h e r  unre i i eb le  o r  unavailable a t  

many s i t e  locations,  S I R  has developed a ba t t e ry  dperated 115-volt 

powor supply fo r  the  con t ro l  equipment. The power supply i s  tuning- 

fork control led  and provides 60 cycle power with an accuracy o f  

0.005% f o r  the  camera programer so t h a t  p ic tu res  can be taken 

simultaneously a t  each s i t e .  A data  block containing 24 t i n y  l i g h t s ,  

mounted i n  each camera uni t ,  records time, f i r i n g  number, and s i t e  

information i n  the  corcer of each frame of film. 

A shor t  wave rad io  n e t  connecting a11 s i t e s  and the  launch 

control  center  has been i n s t a l l e d  by SIR t o  enable t h e  launch con t ro l  

o f f i c e r  t o  be informed of weather condit ions a t  the  sites and t o  

synchronize p ic tu re  taking opera t ions  with the  f i r i n g  o f  the  gun, 

Fbst s i t e s  a r e  operated by l o c a l  personnel who Bave been t r a ined  

by SIR. 

During a t y p i c a l  n ight ' s  operation, the  gun is f i r e d  a t  one to 

two hour i n t e r v a l s ,  from sunset t o  sunrise.  Photographs a r e  taken 

by a l l  s i t e s  during the  time t h a t  the  t r a i l  is v i s ib le .  The f i lm 

is then returned t o  Atlanta f o r  processing and d a t a  reduction. 



DATA RBDRTION 

Several computer programs have been developed which make it 

possible t o  calculate  upper atmosphere winds from measurements amde 

d i r ec t ly  on the photographs of  the luminous t r a i l s .  

Since the method used is basical ly  three-dipsensional triangula- 

t i on  using spherical  trigonometry, it i s  necessary t o  know precisely  

the direct ion each camera was pointed during a given f i r ing.  The 

direct ion is determined by f i r s t  taking accurate measurements of the 

locations of several s t a r  images on the film, ead then computing 

the azimuth and elevation of the op t ica l  axis  of the camera by means 

of a computer program. This computer program makes w e  of the celee- 

t i a l  coordinates of some 6,000 s t a r s  which have been stored on 

magnetic tape. 

Wind speeds and direct ions  a r e  then determined from the loca- 

tioa of the t r a i l  i n  space a t  a succession of known times. The 

location is found, using e i t h s r  a point location prowam o r  a t r a i l  

Location program, or  both, and depends on the physical shape of the 

chemical release cloud. 

Point location method. If  the chemical re lease  exhib i t s  d i sc re te  

points  ( resul t ing e i ther  from turbulence o r  from the nature of the 

re lease mechanism) and these points can be ident i f ied on films from 

two o r  more islands,  the point location program can be used to 

calculate  the posit ion of each point i n  longitude, l a t i tude ,  and 

a l t i t ude  above sea level. 



These calculations are made from data taken a t  successive 

times. A wind program is then used to  calculate  b3th ve r t i ca l  and 

horizontal winds from the motion of these points a s  a function of 

t i m e .  

T ra i l  location method. Most of the chemical re leases  produce a 

smooth t r a i l  having few, i f  any, iden t i f iab le  points. In such cases, 

f i lm coordinates of a large number of incremental points along the 

fi lm image of the t r a i l  are fed in to  the computer from data  from 

two or more s i t e s .  The t r a i l  location program attempts t o  tri- 

angulate each point from one s i t e  with many points from another s i t e ,  

f i n a l l y  choosing points from both s i t e s  whose op t ica l  paths from 

camera in to  apace form the c losest  spa t i a l  ~ t e r o e c t i o n .  After 

doing many hundreds of such calculations, the computer i s  able t o  

construct coordinates for  a mathematical curve i n  the shape of the 

t r a i l  i n  apace. Then, as  with the point location program, winds 

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

however, i t  must be assumed tha t  v e r t i c a l  winds are essen t ia l ly  

zero. This asamption is borne out by pervious s tudies  which have 

shown ve r t i ca l  winds i n  t h i s  a l t i t ude  region t o  be of the order 

of a few meters per second compared to  horizontal winds ranging up 

to  150 meters per second. 

Corrections for  variables such as  atmospheric refraction,  

ro ta t ion  of camera about op t ica l  axis, and camera focal length, 

are  incorporated in to  the programs t o  maintain high accuracy. 

Focal length and camera rotat ion are, i n  fac t ,  calculated from 

measurements of the p o s i t b n s  of s t a r  images on the films. 

- 6- 



INTERPRETATION OF DATA 

Following the "Table of Tra i l  Information", horizontal wind 

ve loc i t i e s  are presented i n  tabular form and i n  p lo t s  of  wind speed, 

di rect ion,  and components. 

Winds were calculated a t  a l t i t ude  in te rva l s  of one kilometer, 

Points on the various p lo t s  show the actual  computed r e su l t ,  as  

l i s t e d  i n  the table  preceding the plot .  A curve has been f i t t e d  

t o  each s e t  of points  t o  aid i n  detecting wind pat terns  and t o  

indicate r e l i a b i l i t y  of the plot ted resu l t s .  Each curve has been 

drawn with a  knowledge of intermediate r e s u l t s  leading t o  the wind 

calculations and of the consistency of the winds a s  calculated 

between each of the f ive  or  more time in te rva l s  used. In cases 

where point-to-point curve f i t t i n g  was not thought t o  r e f l e c t  

actual  var ia t ions  i n  wind speed, direction,  o r  compomnts, a  more 

appropriate smooth curve has been drawn. Otherwise, the  curves a re  

f i t t e d  d i r ec t l y  t o  the deta points. Results of ce r t a in  portions of 

the t r a i l s  are a t  times l e s s  accurate than others  due t o  the spa t i a l  

or ienta t ion of those t r a i l  segments r e l a t i ve  t o  the available photo 

graphic s ta t ions .  Less accurate data can also r e s u l t  from photo- 

graphs obscured by haze and clouds and from t r a i l s  of short  duration. 

Wind speed plot .  This p lo t  shows the speed of the wind i n  

meters per second as  a  function of height i n  kilometers above sea 

level .  

Wind direct ion plc:. The wind vector is considered t o  point i n  



the direction toward which the wind is moving. The direct ion p lo t  

shows the direct ion of t h i s  vector i n  degrees c lockwi~e from north as  

seen from above. Thus, a wind direct ion toward the eas t  would Be 90 

degrees. 

Wind components olot .  While p lo t s  of wind direction and speed 

do completely describe the wind vector, i t  has been found helpful i n  

studying wind pat terns  t o  present the  north-south (N-S) and east-west 

(E-W) veloci ty  components of the vector. In the north-south p lo t ,  north 

i s  posit ive;  south is  negative. In the east-west plot ,  east  & posit ive;  - 
west nepat ive. Components are plot ted i n  meters per second versus - 
height i n  kilometers. 

The wind direct ion and componentstdescribed above are re fe r -  

enced to  t rue north. In  addition, components have been calculated 

r e l a t i ve  t o  magnetic north for  comparison with other ionospheric phen- 

omena. These components are not plot ted but are l i s t e d  i n  the tabu- 

la t ions  preceding each se t  of plots.  

Throughout t h i s  report ,  where shorter notation was desirable,  

''Up'' o r  "UI1 and "Down" or "D" have replaced upt ra i l  and downtrail, 

respectively. 

Ground Plot. This is  a plot  of the path of the probe with -- 
respect t o  l a t i t ude  and longitude. Though the a l t i t ude  of the probe 

i s  not plotted,  the a l t i t ude  i n  km. is marked along the curve so tha t  

the path of the vehicle can more eas i ly  be followed. 



Locat ion of S,  I. R, photographic  s t a t  ions  

Two s t a t i o n s  a r e  l oca t ed  on each of t h e  f o u r  i s l a n d s ,  a s  shown. While on ly  
one s t a t i o n  on each of any two i s l a n d s  i s  s u f f i c i e n t  f o r  de te rmina t ion  of 
winds by t r i a n g u l a t i o n ,  s e v e r a l  s t a t i o n s  were found necessary  because of 
p r eva l en t  c loud cond i t i ons  i n  t h e  a r e a .  Accuracy of t h e  da ta  r educ t i on  is 
a l s o  increased  by use of f i lms  from more t han  two i s l a n d s .  



FIGURE 2 

LOCATION OF S I R  PHOTOGRAPHIC STATIONS 

H.A.R.P. - YUMA 
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REFERENCES - ERRATA SHEET 

A. HARP--Scientific Pub l i ca t i ons  

22. Delete "(accepted f o r  June  i ssue) ' '  
Add "pp. 640-644, June 1968." 

B. BRL HARP Reports 

Add: 
26. Boyer, E.D., Five-Inch Gun Meteorological  Sounding S i t e ,  

Highwater, Quebec, BRL Memo Report,  ( i n  p r e s s ) ,  J u l y  1968 

C. HARP--SRI Reports 

1. Add "(AD834218)" 

15. Add "(AD666746)" 

16. Add "(AD666744)" 

D. HARP--Other Pub l i ca t i ons  

O m i t  f oo tno te  which fo l lows  #30. 

34. Add "(AD667917)" 

Add : 
40. Brogl io ,  E.P., Development of t h e  HARP Ba t t e ry ,  F i n a l  Report,  

Eagle-Picher I n d u s t r i e s ,  Inc .  , December 1967. (AD665409). 

41. Williamson, L. E., Gun Launched Probes--Parachute Expulsion 
Tes t s  Under Simulated Environment, ECOM-5179, February 1968. 
(AD667908). 

E . HARP--Related Pub l i ca t i ons  

Add : 
9. Eppes, Richard,  Review of Experimental Programs f o r  B l a s t  

I nce rcep t  and T r a v e r s a l ,  and F e a s i b i l i t y  of Using a Large 
Bore Gun F a c i l i t y  f o r  Launching Vehicles  f o r  B l a s t  I n t e r c e p t ,  
U. S. Army Missile Command RS-TR-66-12, RA66-8, Ocbober 1966, 
(AD804118). 

10. A F e a s i b i l i t y  Study of t h e  Scramjet  In-Tube Concept (U) , 
General Applies  Sc ience  Labora to r i e s ,  TR669, AFAPL-TR-67-131, 
November 1967. (AD388535). 
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TAUIL NO. TRAIL NAME DATE TIME ALTITUJES (ICM) 
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Y-26 3 8 12 JUNE 1967 20:14:04HST 117-136 



TABULATIONS AND PLOTS 

THREE TMA TRAILS 21-22 JUNE, AND 12 JIJNE 1967 

NOTE: The wind vector as  given i n  t h i s  report is considered to  
point i n  the direction toward which the wind is blowing 
(that is, a west wind is  toward the west). Most meteor- 
o log i s t s  are accustomed to  a 180' difference, (that is, 
a west wind is fropl the west). 



TRAIL NO. 867 C A I R O  
BARBADOS 2 1  JUNE 1967 22-47-00 AST 
UP TRAIL 
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ALTITUDE HEADING VELOCITY GEOGRAPHIC 
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285.1 
339.5 
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330.9 
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352.6 
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56.7 
62.2 
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68.5 
70.1 
37.2 
26.2 
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-96.7 

-100.6 
-91.0 
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-47 2 
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-29.9 
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9.0 
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-31.4 
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48.1 
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MAGNET I C 
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3 2 -29.9 
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25.5 -3.8 
3504 16.7 
52.9 23.9 
66 3 -12.9 
70.2 -17.3 
74.9 -23.1 
76.6 -23.7 
39.2 -5.6 
26 3 2.1 

-55.6 23.1 
4 0 . 0  32.3 

-104.6 27.3 
-102.1 -3 r 3 

-89.5 -16.4 
-82.0 -24.4 



TRAIL NO. 867 CAIRO 
BARBADOS 21 JUNE 1967 22-47-00 AST 

DOWN TRAIL 
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ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNET I C 

N-S 
-5.9 

-10.5 
4.3 

20.9 
47.3 
59.5 
62.3 
65.3 
57.2 
40.0 
26.0 

3.2 
-349 1 
-89.1 
-93.2 

-102.7 
-89.5 

E-W 
-52.2 
-29.7 
-25.7 

-6.4 
9.0 

-6.6 
-16.0 
-22.3 
-25.3 
-2393 

-7.9 
2.4 

17.6 
46.8 
56.3 
67.2 
15.6 

N-S 
5 0 

-4.2 
9.5 

21.8 
44.4 
59.6 
64.3 
68 05 
6 1  02  
43.9 
27.1 

2.6 
-37.0 
-96.8 

-102.8 
-114.3 

-90.8 

E-W 
-52.3 
-31.2 
-24.3 

-240 
18.6 

5.8 
-2.8 
-8.4 

-13.0 
-14.6 

-2 04  
3.0 

10.2 
27.4 
35.9 
44.5 
-3.2 



108 

106 

104 

102 

100 
HEIGHT 
(W 

98 

96 

9 4 

92 

90 





WIND DIRECTTON 

UPTRAIL 

DOWNTRAIL 6 

108 

106 

104 

102 

HEIGHT 
(KM) 

100 

98 

96 

94 



TRAIL NO. 868 DURBAN 
BARBADOS 22 JUNE 1967 19-51-00 AST 
UP TRAIL 

WIND WIND 
ALTITUDE HEADING VELOCITY 

(KH) (OEG 1 ( M / S )  
95.0 109.3 72.0 
96.0 220.1 60.0 
97.0 283.8 62.1 
98.0 307.7 94.4 
99.0 318.6 105.6 

loom0 330.7 126.7 
101.0 332.5 124.0 
102.0 347.5 78.7 
103.0 7.8 55.3 
104.0 12.0 48.5 
105.0 17.5 35.4 
106.0 13.1 30.7 
107.0 311.5 40.0 
108.0 292.6 49.6 
109.0 270.8 49.1 
1 1 O m O  272.1 50.1 

WIND COMPONENTS 1 M / S )  
GEOGRAPHIC MAGNET I C  

N-S E-W N-S E -W 
- 7 1 0 1  -11.6 -67.2 -26.0 
-45.9 -38.6 -37.0 -47 2 

14.8 -60.3 26.9 -56.0 
57.7 -74.7 7 1  a9 -61.2 
79.2 -69 9 91.9 -52.1 

110.5 -62.0 120.9 -37.9 
117.0 -58.3 124.0 -46 6 

76.8 -17.1 78.7 -0 9 
54.8 7.5 52.1 18.6 
47.4 10.1 44.3 19.7 
33.8 10.7 30.9 17.4 
29.9 6 9 27.8 12.9 
26.5 -30.0 32.1 -23.9 
19.1 -45 8 28.1 -40 9 

Om7 -49.1 10.8 -47.9 
1.8 -50.1 12.1 -48.7 



TRAIL NO. 868 DURBAN 
BARBADOS 22 JUNE 1967 19-51-00 AST 

DOWN TRAIL 

ALTITUDE 
( K M )  
96.0 
97.0 
98.0 
99.0 

100.0 
101.0 
102.0 
103.0 
104.0 
105.0 
106.0 
107.0 
108.0 
109.0 
110.0 

WIND 
HEAD I NG 

(DEG) 
235.2 
259.7 
295.3 
313.8 
327.0 
332.7 
339.2 

3.5 
16.0 
24.0 

312.4 
309.0 
284.3 
274.4 
265.1 

WIND 
VELOCITY 

( M / S )  
63.4 
63.5 
78.7 
99.7 

124.4 
113.8 
95.2 
57.1 
45.6 
37.9 
41.7 
46.5 
57.8 
53.7 
52.6 

WIND COMPONENTS ( M / S )  
GEOGRAPHIC MAGNET I C 

N-S E-W N-S E-W 
-36.2 -52.0 -24.7 -58.3 
-11.3 -62.5 1.8 -63 5 

33.6 -71.2 47.6 -62 7 
69.0 -72.0 82 0 4  -56.2 

104.4 -67.7 116.1 -44.7 
101.1 -52.2 109.7 -30.2 

89.0 -33.7 94.0 -24.6 
56 8 5.5 5404 17.1 
43 8 12.6 40.3 21.4 
34.6 15.4 30 7 22.2 
28.1 -30.8 33.8 -24.3 
29.3 -36.1 36.1 -29.3 
14.3 -56 0 25.5 -51.8 

4.2 -53.6 15.2 -51.6 
-4.5 -52.4 6.4 -52 2 



AST 

SPEED (WS) 



WIND SPEED 
UP 0 

DOWN A 

112 

110 

108 

106 

HE I GHT 
(m 
104 

102 

100 

9 8 

9 6 

94 

20 40 6 0 80 100 120 
SPEED (M/S) 



WIND DIRECTION TRAIL NO. B-68 DURBAN 

UP 

DOWN 

112 

110 

108 

106 

HEIGHT 
(W 

104 

102 

100 

98 

9 6 

9 4 

22 JUNE 1967 19 : 5l:OO AST 
H. A. R. P . BARBADOS 

4 

1 I I I I I 1 I I I I I I - 
- 
- 
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 
- 
- 
- 
- 
- - 

- 
- - 

- 
I I I I I I I I I I I 

80 
I 

160 
1 

240 320 40 120 
DIRECTION (DEG) 



T R A I L  NO. Y-26 
YUMA 12 JUNE 1967 

UP T R A I L  

ALT I T U D E  
( K M )  

117.0 
118.0 
119. 3 
120.0 
122.0 
124.0 
126.0 
128 .0 .  
130.0 
132.0 
134.0 
136.0 

WIND WIND 
HEADING VELOCITY  
(DEG ( M / S )  
59.3 112.8 
63.0 96.3 
68.1 83.7 
78.9 76.1 
78.8 70.2 
77.1 57.2 
77.9 66.9 
76.7 48.9 
97.5 15.6 

175.1 12.4 
197.2 25.9 
201.8 47.5 

20-14-04 MST 

WIND COMPONENTS ( M / S )  
GEOGRAPHIC MAGNET I C  

N-S E-W N-S E-W 
57.6 97.0 79.8 7907 
43.7 85.8 63.6 72.3 
31.2 77.6 49.5 67 a4 
14.7 74.7 32.8 68.7 
13.6 68.9 30.3 63.4 
12.8 55.8 26.2 50 9 
14.0 65.4 29.8 59.9 
11.2 47.6 22 06 43 3 

2.0 15.5 5.8 14.5 
12.3 1qO 12.2 -2.1 
24.7 7.7 25.8 1.3 
44.1 17 e7 47.1 6.2 



WIND COMPONENTS 
UP 

NORTH-SOUTH o 

EAST-WEST 

TRAIL NO. Y-26 
12 JUNE 1967 
20:14:04 MST 

I HmAoRmPm Yw 

138 
HEIGHT 

( KM) 
134 

-120 4 0  , -40 0 40 80 120 
SPEED (M/S) 



WIND SPEE D 
W m  

TRAIL NO. Y-26 
12 JUNE 1967 
20:14:04 MST 
H . A . R . P .  YUMA 

138 
HEIGHT 

( KM) 
134 

40 80 120 160 
SPEED (M/S) 



138 
HE IGHT 

(W 
134 

WIND DIRECTION 
w e  TRAIL NO. Y-26 

12 JUNE 1967 
20:14:04 r n ~  
H.A.R.P. YUMA 

240 320 40 120 -200 280 0 

DIRECTION (DEG) 



GROUND PLOTS 

Barbados : 

Trail No. 

B- 12 

B-19 

B-31 

B-32 

B-33 

B-43 

B-49 

B-51 

B-52 

B-5 3 

8-55 

B-57 

B-59 

B-61 

B-63 

B-65 

8-6 7 

B-68 

Y-4 

Y- 13 

Y-15 

Y-22 

Name - 
Elagabulus 

Belair  

Christ  Church 

Dover 

Foul Bay 

Inagua 

St .  Thomas 

Beta 

Gamma 

Delta 

Zeta 

Theta 

Belfast  

Dublin 

Hollyw& 

Limerick 

Cairo 

Durban 

McConnell 

Shot 20 

Shot 23 

Shot 31 

Time - 
2 88 

up 308 
down 318 

*This r e f e r s  t o  the BRL contract  report  which contains the  wind p lo t s  and 
tab les . 



GROUND PLOT 
T + 288 SECONDS 

H . A . R . P .  BARBADOS 
TRAIL NO. B-12 
ELAGABULUS 4 JUNE 1965 
0 1 : 3 4 : 5 6  A . S . T .  

DOWNTRA I L  A 

59.52 59 .48  59 .44  59.40 59.36 59 .32  

LONGITUDE (DEG) 



GROUND PLOT 
T + 278 
UPTRAIL a 

H.A.R.P .  BARBADOS 
T R A I L  NO. B-19 BELAIR 
20 SEPTEMBER 1965 
19:30:00 A . S . T .  

DOWNTRAIL A 

I I I I I I I I I I I I I 

- 

- 

- - 110 
~4- E ' 

1 5 

- - 

- - 
- - 

- - 
- 

- 

- 
- 

- - 

- 
- 

- - 
-91 KU 

1 ,  I I I , I , I 

I 
11a 

- 

0 4 8 12 16 10 
I KM 

58.76 58.68 58.60 58.52 58.92 58.84 

LONGITUDE (DEG) 



GROUND PLOT H.A.R.P. BARBADOS 
T + 338 SECONDS TRAIL NO. B-31 CHRISTCHURCH 

17 NOVEMBER 1965 
UPTRAIL 8 18:15:00 A.S.T. 



13.20 

13.16 

13.12 

LATITUDE 
.(ma 

13.08 

13.04 

13.00 

GROUND PLOT H.A.R.P. BARBADOS 
UPTBAIL T +308 SECONDS TRAIL NO. B-32 DOVER 
DOWNTRAIL T 318 SECONDS 17 NOVEMBER 1965 

19:34:00, A.S.T. 
UPTIIAIL a 

DOWNTRAIL A 

LONGITUDE 
(DEG) 



= o m  P r n  
T + 258 SECONDS 

UPTRAIL 

DOWNTRAIL r 

13.24 

13.20 

13.16 

13.12 

LATITUDE 
( D m  

13 ,O8 

13 .O4 

13.00 

12.96 

H.A.R.P. BARBADOS 
TRAIL NO. B-33 FOUL BAY 
17 NOVEMBER 1965 
23:15:00 A.S.T. 



GROUND PLOT 
UPTRAIL T + 283 
DOWNTRAIL T + 293 

UPTBAIL 

MIWNTRAIL A 

H . A . R . P .  BARBADOS 
TRAIL NO. B-43 INAUGUH 
17 FEBRUARY 1966 
21:03:00 A.S .T .  

13.16 

13.12 

I A T  ITUDE 

(DEG) 

13 .08 

'a I*- 

la- &: 



GROUND PLOT 
T + 263 
UPTRAIL 

TRA I L t  'A DOWNTRA I L  8 

H . A . R . P .  BARBADOS 
TRAIL NO. B-49 S T .  THOMAS 
24 FEBRUARY 1966 
05:23:30 A . S . T .  

13.16 

13.12 

13.08 

LATITUDE 

I I I I I 1 I I 

rJ 
I I I I I 

- 
- 
- 
- 
- 
- 

(DEG) 

13.04 

13.00 

12.96 

12.92 

12.88 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

I I I I 
7 I 1 I I I 1 1 

59.30 59.26 59.22 59.18' 59.14 59.10 



GROUND PLOT 
UPTRAIL T + 282 SECONDS 
DOWNTRAIL T + 29 2 SECONDS 

UPTRAIL 

DOWNTRAIL A 

H.A.R.P. BARBADOS 
TRAIL NO. B-51 BETA 
19 SEPTEMBER 1966 
20:55:09 A.S.T. 



GROUND PLOT 

T + 352 

H.A.R.P. BARBADOS 
TRAIL NO. B-52 GAMMA 
19 SEPTEMBER 1966 
22:24:06 A.S.T. 



GROUND PLOT 
T + 322 

H.A.R.P. BARBADOS 
TRAIL NO. B-53 DELTA 
20 SEPTEMBER 1966 
00:10:00 A.S.T. 



GROUND PLOT 
T + 292 
UPTRAIL 

H . A . R . P .  BARBADOS 
TRAIL NO. B-55 ZETA 
20 SEPTEMBER 1966 
02:24:00 A.S.T. 

DOWNTRAIL A 

13.20 

13.16 

13.12 

LATITUDE 

(DEG) 

13.08 

13.04 

13.00 

12.96 

12.92 

12.88 



GROUND PLOT 
T + 262 

13.16 

13.12 

13.08 

13 .O4 

LATITUDE 

13 .OO 

12.96 

12.92 

12.88 

H . A . R . P .  BARBADOS 
T R A I L  NO.  B - 5 7  THETA 
20 SEPTEMBER 1966 
04 tO3:OO A . S . T .  



GROUND Purr 
T + 262 

H.A.R.P. BARBADOS 
TRAIL NO. B-59 BELFAST 
15 FEBRUARY 1967 
21:17:00 A.S.T. 

DOWNTRAIL 

LATITUDE 
.(DW 

12 .98  



GROUND P r n  
T + 2 5 2  

H.A.R.P. BARBADOS 
TRAIL NO. B-61 DUBLIN 
15 FEBRUARY 1967 
23:56:00 A . S . T .  

LATITUDE 



H . A . R . P .  BARBADOS 
T R A I L  NO. B - 6 3  HOLLYWOOD 
16 FEBRUARY 1967 
2 2 : 4 5 : 0 0  A . S . T .  

UF'l'RAI L 

59.28 59.24 59.20 59.16 59.12 59.08 
LONGITUDE 

( D W  



GROUND PIMT 
T + 252 

H . A . R . P .  BARBADOS 
TRAIL NO. B-65 LIMERICK 
16 FEBRUARY 1967 
04:17:00 A.S .T .  

59.32 59.28 59.24 59.20- 59.16 59.12 
LONGITUDE 

( D W  



13.18 

13.14 

13.10 

LATITUDE 
( D m  

13.06 

13.02 

12.98 

12.94 

12.90 

12.86 

GBDUND PIMT 
T + 212 SECONDS 

H.A.  R.P. BARBADOS 
TRAIL NO. B-67 CAIRO 
21 JUNE 1967 
22:47:00 AST 

KINGIT UDE (DEG) 



GIIIDIM) r n T  
T + 342 SECONDS 

HeAeRePe BARBADOS 
TRAIL NO. B-68 DUBBAN 
22 JUNE 1967 
19:51:00 AST 



GROUND PLOT 
UPTRAIL T + 262 
DOWNlTUIL T + 2 7 2  
UPTRAIL 0 

H.A.R.P.  YUHA 
TRAIL NO. Y-4  MC CONNELL 
1 5  JUNE 1 9 6 6  
0 1 : 2 7 : 0 0  A . S . T .  

DOWNTRAIL A 



GROUND PLOT 
T t 252 

UPTRAIL 

H.A.R .P .  YUMA 
TRAIL NO. Y-13 SHOT# 20 
17 NOVEMBER 1966 
00:16:13 A.S.T.  

I 1 I 1 1 I I I I I I I I 

- - 

i W+ 

- 
E - 

- 
S - 

- - 
-1 - - 111 

q9- 
- 

IU- 
a - 

- 
- - 
- - 
- - 
- - 

0 2 4  - u 
KM 

- 
- - 

I I I I I I I I I I I I I 

114.20 114.12 114.04 113.96 113.88 113.80 
LONGITUDE 
( D W  



GROUND PLOT 
T + 262 

H.A.R.P. YUMA 
TRAIL NO. Y-15 SHOT # 23 
18 NOVEMBER 1966 
20:12:21 A.S.T. 

33.16 

33 .12  

33 .08  

33 .O4 

LATITUDE 
( D W  

3 3 . 0 0  

32 .96  

32 .92  

32 .88  

UPTRAIL 

DOWNTRAIL A 



GROUND PLOT 
T +  222 

H.A.R.P. YUMA 
TRAIL NO. Y-22 SHOT # 31 
19 NOVEHEER 1966 
21:21:29 A . S . T .  

DOWNTRAIL A 

b I I I I I I I I I I I 1 1 I I 

- 

33.16 - 
.c 

- 
33.1-2.. -- 

- 

33.08 - 
- 

33.04 - 
LATITUDE - 

(DEG) 

33.00 - 
- a- 

m 
I 

32.96 - @t 

- 

32.92 - 
- 

0 2 4 6 8 1 0  

32.88 - 111111 
uv 

- 
I I I I 1 I I I I I 1 I 1 I I 

114.08 114.04 114.00 113.96 H3.92 113.88 113.84 
LONGITUDE 

(DEG) 
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