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ABSTRACT 

Complete data from a total of 39 rocket soundings conducted during 

1967 from Wallops Island, Virginia, Churchill, Canada, Barrow, Alaska, 

and Natal, Brazil a r e  presented. Temperature, pressure, density and 

wind profiles from 33 acoustic grenade experiments and temperature, 

pressure and density profiles from 6 pitot static tube experiments 

covering the altitude range of approximately 30 to 90 kilometers a r e  

tabulated. No attempt has been made to analyze the meteorological 

significance of these data here. An e r r o r  analysis for each of the 33 

acoustic grenade soundings has been included. 
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INTRODUCTION 

During 1967, 33 acoustic grenade and 6 pitot-static tube experiments were performed by the 

Goddard Space Flight Center and the University of Michigan under contract to Goddard. These 

soundings were conducted from Barrow, Alaska (71 ON); Churchill, Canada (59 " N); Wallops Island, 
Virginia (38' N); and Natal, Brazil (6" S). This report presents the data obtained from these 

soundings and is intended to serve as a basis for further investigation and interpretation of the 

structure of the upper atmosphere. These data a r e  the unsmoothed measurements and no analysis 

of their meteorological significance is included. 

These soundings were conducted a s  part  of the Meteorological Sounding Rocket Program, the 

objectives of which a r e  to observe the structure of the mesosphere and lower thermosphere and 

to  investigate specific phenomena which occur in these regions. In order to extend the coverage 

over the widest possible geographic a r e a  and to permit more accurate analyses, the GSFC sound- 

ings a r e  coordinated with soundings in other parts  of the world whenever possible. 

EXPERIMENTAL METHODS 

The acoustic grenade and pitot-static tube techniques were employed to obtain the data re-  

ported here. These techniques a r e  described only briefly since the details, the theory, instru- 
mentation, and data reduction have been published elsewhere (References 1, 2, and 3). 

In the grenade experiments 1, 2, and 3 pound explosive charges (grenades) a r e  carried aloft 
in  the nose cone of a Nike-Cajun sounding rocket. The grenades a r e  ejected and exploded at  



2 to 5 k n ~  intervals a s  the rocket ascends. The current payload carr ies  19 grenades, permitting 

an average vertical resolution in the data of approximately 3 km. The position of the rocket and 

therefore of each explosion is determined by a Doppler tracking system, a precision radar such 

a s  the AN/FPS-16, o r  both. The time of each explosion is detected by sensors in the payload and 
telemetered to the ground. A ground-based a r ray  of hot-wire microphones capable of responding 
to frequencies in the 4 hertz range is used to detect and record the sound waves generated by the 
exploding grenades. The measured experimental parameters a r e  the t imes and positions of the 

grenade explosions, and the arrival times of the sound waves a t  the ground-based microphones. 

The elevation and azimuth angles of the normal to each arriving sound wave a r e  computed by 
applying a least-squares-fit to the arrival  times at  the various microphones. Each wave is then 
analytically traced along i t s  path of propagation through the atmosphere by means of Snell's Law. 
Data from balloonsondes and rocketsondes obtained near the time of the grenade sounding a r e  
utilized to account for the influence of wind and temperature in retracing the path of the sound 
wave from the ground to the first explosion; above this altitude, the results of the experiment 
itself a r e  used for each succeeding explosion. The position of the wave a s  determined by tracing 
is compared with the known position of the wave source, the grenade explosion. The amount by 

which the sound wave has been displaced horizontally from one explosion to the next is a measure 
of the average wind velocity vector in the layer bounded by two adjacent explosions. The average 

speed of sound and hence the average temperature of the atmosphere between two adjacent 

explosions may also be determined. The temperature profile consists of discrete points, each of 

which represents the average temperature of the vertical layer between consecutive explosions. 
The pressure and density a r e  profiles derived from the temperature profile, using a pressure 

value measured by an accompanying balloonsonde near the top of i t s  ascent as a reference. Pres-  

sure  is calculated from the barometric equation by performing an integration upward over the 
temperature profile, and the density is calculated using the equation of state (Reference 4). 

In the pitot-static tube experiment, a radioactive ionization gage and a hot filament gage which 
a r e  mounted in the forward tip of the payload measure ambient density, and a second ionization 

gage mounted further aft measures ambient pressure a s  the rocket ascends. The gage outputs a re  
telemetered to ground based receiving and recording equipment. The trajectory of the rocket is 
provided by Doppler tracking, radar tracking, o r  both, to determine the altitude of the measure- 

ments and the velocity of the rocket. The measured experimental parameters a r e  ram pressure, 
static pressure,  and velocity and position of the payload in space. Ram pressure is related to 
density by the Rayleigh equation and the equation of state in the continium region, and by a modi- 
fied thermal transpiration equation in the free-molecular flow region. The temperature profile 
is computed from the pressure  and density profiles with the equation of state, o r  by integrating 
the density profile using a form of the hydrostatic equation. 

The launch si tes of Barrow, Alaska (71" N), Churchill, Canada (59" N), Wallops Island, 

Virginia (38" N) and Natal, Brazil (6" S) were chosen because they a re  typical arctic, sub-arctic, 



temperate, and tropical locations, respectively. Table 1 summarizes the date, time and location 

of each of the 33 grenade soundings and the 6 pitot-static tube soundings conducted during 1967. 
These data include: two se r i e s  of soundings (Barrow and Churchill) intended to explore the short  
t e r m  variability of the winter mesosphere; two se r i e s  of soundings (Barrow and Wallops) intended 
to observe the transition in the mesosphere from winter into summer circulation regimes; four 
se r i e s  of soundings launched over 12 hour intervals to determine the diurnal effects in the 
mesosphere (Natal); a pair  of soundings conducted in the presence and absence of noctilucent 

Table 1 

Summary of Soundings. 

I 

Experiment 

grenade 
pitot 
grenade 
grenade 
grenade 
pitot 
grenade 
pitot 
grenade 
pitot 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
pitot 
pitot 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 
grenade 

Location 

Wallops 
Churchill 
Barrow 
Barrow 
Barrow 
Churchill 
Barrow 
Churchill 
Barrow 
Churchill 
Barrow 
Wallops 
Wallops 
Barrow 
Barrow 
Wallops 
Barrow 
Wallops 
Wallops 
Barrow 
Wallops 
Barrow 
Wallops 
Barrow 
Nat a1 
Natal 
Nat a1 
Barrow 
Barrow 
Natal 
Nat a1 
Natal 
Natal 
Natal 
Natal 
Wallops 
Natal 
Natal 
Natal 

Time (GNIT) 

1911 
2317 
2348 
0141 
0418 
0538 
0741 
0826 
0956 
1158 
1426 
1752 
1719 
0010 
2100 
1715 
2207 
1732 
1139 
0140 
2007 
0720 
0825 
1140 
0826 
2035 
0834 
1110 
0956 
1139 
2339 
0030 
1120 
1115 
2315 
2200 
1300 
0100 
1310 

Figure 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
16  
17 
18 
19  
20 
21 
22 
2 3 
24 
25 
2 6 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Date 

31 January 
31  January 
31  January 
1 February 
1 February 
1 February 
1 February 
1 February 
1 February 
1 February 
1 February 
3 February 

3 1  March 
4 April 

10 April 
11 April 
18  April 
20 April 
29 April 
30 April 
4 May 
9 May 

11 May 
15  May 
2 4  June 
24 June 
25 June 

3 August 
5 August 

26 August 
26 August 
28 August 
14  October 
15  October 
15  October 
12 December 
18 December 
19 December 
19  December 



clouds (Barrow), one of which did not obtain data above 70 km due to a pressure  gage malfunction; 

and three soundings conducted in coordination with other rocket probes which measured the elec- 

tron density and the nitric oxide concentration in the D-region (Wallops). 

The results of the soundings a r e  given in Figures 1 through 39. In the grenade soundings, 

the directly measured parameters (temperature and wind) a re  tabulated on the left hand page. 

Tables of interpolated temperature, computed pressure,  computed density, and pressure and 

density deviations in percent from the 1962 U. S. Standard Atmosphere (Reference 5) a re  tabulated 

on the right hand page a s  functions of geometric altitude. The winds interpolated at  5 km inter- 

vals a r e  tabulated in component form on the left hand page. The pitot-static results give meas- 

ured pressure and density, derived temperature, and the deviation of the pressure and density in 

percent from the 1962 U. S. Standard Atmosphere. Balloonsonde and rocketsonde observations 

which accompanied the soundings a r e  also plotted to provide essentially continuous temperature 

and wind profiles from the earth's surface to the mesopause (Reference 6). 

ERROR ANALYSIS 

An e r r o r  analysis was performed for each grenade sounding reported here. In one Natal 

experiment, data recovery was adequate to produce a solution, but since i t  was not redundant, no 
e r r o r  analysis was possible. The e r r o r  analysis i s  based on a study (Reference 7) which demon- 

strated that more than 90 percent of the experimental e r ro r  is the result of inaccuracies in the 
determination of sound arrival times at the various microphones. These inaccuracies produce 

e r r o r s  in the computed azimuth and zenith angles of the normal to the sound wave. Thus, by 

treating only azimuth and zenith e r ro r s ,  a good approximation of the total e r r o r  is obtained. 

The problem of obtaining the temperature and wind e r r o r s  was then performed in two parts. 

Separate calculations were made, f i rs t  for  the even-numbered layers between grenades, and then 

for the odd numbered layers. For each layer, a single azimuth and zenith deviation was computed 

from the formulas 

and 

where the subscripts u and L indicate the azimuth and zenith deviations from the upper and 

lower grenades bounding a given layer. The calculation is divided into two sections s o  that the 

deviations of one layer will not influence the temperature and wind of any other layer significantly. 

The e r r o r  fo r  a given temperature point was computed from the formula 

Temperature error ; {(.c?T~=)' (ATzen)' , 



where  AT^^ is the change in temperature induced by the azimuth deviation alone, and ATzen is the 

change in temperature caused by the zenith deviation alone. A similar formula is applied to 

compute wind e r ro r .  
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FIGURE 1 
WALLOPS S., JAN. 31, 1967 19 11 GMT. 
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GURE 2 
CHURCH LL, JAN. 31, 1967 2317 GMT. 
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FIGURE 3 
POINT BARROW, JAN. 31, 1967 2348 GMT. 
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GURE 4 
NT BARROW, FEB. 1, 1967 0141 GMT. 
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FIGURE 5 
POINT BARROW, FEB. 1, 1967 0418 GMT. 
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76000.00 
77000. 00 
78000.00 
79000.00 
80000.00 
81000.00 
82000.00 
83000.00 
W O O .  00 
85000.00 
86000.00 
87000.00 
~00.00 
89000.00 
goooo. 00 
91000 .OO 
92000.00 
93000.00 
g4Qoo .oo 

PRESSURE 
nt/sq meter 

DENSITY 
kg/cu meter 

TEMPERATURE PRESSURE 
degrees Kelvin deviation 

($1 

DENSITY 
deviation 

($1 



FIGURE 6 
CHURCH LL, FEB, 1, 1967 0538 GMT. 

120 

100 

80 

A 

E 
Y - 

60 
2 - 
I- A 

Q 

40 

20 

0 
200 240 280 320 360 400 

TEMPERATURE (OK) 



HEIGHT 
meters 

DEllSITY 
kg/cu meter 

TEMPERArn 
degrees Kelvin 

PRESSURE 
deviation 

($) 

DENSITY 
deviation 

($1 

.697zi39 oi- 

.5972824 O l -  
.5119564 O l -  
.4372961 O l -  
.3706351 O l -  
.3146399 O l -  
.2666439 01- 
.2266473 O l -  
.l933169 oi- 
.1626528 01- 



FIGURE 7 
POINT BARROW, FEB. 1, 1967 0741 GMT. 

vrrm DIRECTION W I N D  SPEED 
degrees m/sec 

100 I I I I I  

80 

20 

0 I t l  
180 220 269 WIND 

ERROR 
m/sec ( 5 )  

1.34 
2.06 
4.04 
5.14 
3.65 
8.17 

12.22 
12.71 
9.19 

12.27 
19.94 
21.71 
31.39 
45.75 
51.80 
43.27 
51.42 

TE1MPERATURE ERROR HEIGHT 
degrees Kelvin degrees Kelvin ( 2 )  meters 

W I N D  COMPONTFNTS 
m/sec 

HEIGHT SOUTH WEST 
meters component (+ ) component (+) 

TEMPERATURE ( O K )  1 

LEGEND 

Srn/sec 50 rn / sec 

or less 
DIRECTION O F  

\ 10 rn/sec NORTH WIND 



HEIGHT 
meters 

PRESSW 
nt/sq meter 

DENSITY 
kg/cu meter 

T E M P E m m  
degrees Kelvin 

PRESSURE 
deviation 

(5) 

10.70- 
10.96- 
11.42- 
12.05- 
12.03- 
13.75- 
14.78- 
15.94- 
17.15- 
18.33- 
19.46- 
20.54- 
21 60- 
22.74- 
24.04- 
25.49- 
27.07- 
28.71- 
30.42- 
32 17- 
35.85- 
55.38- 
36.71- 
37.83- 
38.74- 
39.43- 
39.95- 
40.40- 
4.0.86- 
41.31- 
41.76- 
42.14- 
42.45- 
42.69- 
42.92- 
43.14- 
43.36- 
43.54- 
43.56- 
43.35- 
42.83- 
42 21- 
41.44- 
40.61- 
39.71- 
38.68- 
37.37- 
35.73- 
33.72- 
31.65- 
29.84- 
28.30- 
26.26- 
23.08- 
19.31- 
15.91- 
13.39- 
11.26- 
8.90- 

DENSITY 
deviation 

( Y L )  

9.71- 
8.68- 
7.84- 
7.41- 
7.17- 
7.08- 
7.3.4- 
7.37- 
8.37- 
9.85- 
11.27- 
12.62- 
13.56- 
13.33- 
13.30- 
13.48- 
14.29- 
15.43- 
16.66- 
18.12- 
21. .o7- 
24.0tj- 
27.02- 
29.92- 
32.63- 
34.99- 
36.58- 
37.05- 
37.52- 
38.00- 
38.75- 
39.72- 
40.61- 
41.22- 
41.47- 
41.72- 
41 98- 
42.74- 
44.33- 
45. b5- 
46 .'73- 
47.00- 
46.46- 
45.88- 
45.25- 
45.42- 
45.80- 
45.95- 
45.70- 
42.32- 
38 97- 
36.18- 
40.62- 
43.46- 
40.14- 
32.08- 
24.60- 
23.64- 
22.51- 



FIGURE 8 
CHURCHILL, FEB, 1 1967 0826 GMT. 

TEMPERATURE ( O K )  



HEIGfPl' PRESSURE DENSITY TEI~IPERAWRI PRESSURE DENSITY 
meters nt/sq meter @/cu meter degrees Kelvin deviation deviation 

($1 ($) 



FIGURE 9 
POINT BARROW, FEB. 1, 1967 0956 GMT. 

WIND DIRECTION 
degrees 

W I N D  SPEED 
m/sec 

ERROR 
m/sec (_+I 

100 

80 

? 60 - GRENADE 

", 

4 40 

180 220 260 
/- 

300 WIND 
TEMPERATURE ('K) (Mps) 

TEMPERATURE 
degrees Kelvin 

ERROR 
degrees Kelvin ( 5 )  

KEIGHT 
meters 

W I N D  COMPONENTS 
m/sec 

HEIGHT SOUTH WEST 
meters component (+ ) component (+ ) 

LEGEND 

5rn/sec 50 m/sec 
or less 

DIRECTION OF 
\ lOm/sec NORTH WIND 1 



IiEIGHT 
meters 

j4000.00 
35000.00 
36000.00 
37000.00 
38000.00 
j9000.00 
40000.00 
41000.00 
42000.00 
43000.00 
44000.00 
45000.00 
46000.00 
47000.00 
48000.00 
49000.00 
50000 -00 
510oo.00 
52000.00 
53000 .OO 
54000.00 
55000 .OO 
56000.00 
57000.00 
58000 .oo 
59000.00 
60000.00 
61000.00 
62000 .OO 
63000.00 
64000.00 
65000.00 
66000.00 
67000 .oo 
68000.00 
69000 .oo 
70000 .oo 
71000.00 
720oo.00 
77000.00 
74000.00 
75000.00 
760oo.00 
77000.00 
~8000.00 
79000.00 
8oo0o.00 
81000.00 
82000.00 
83000 .00 
84000.00 
85000.00 
860oo.00 
87000.00 
88000 .oo 
89000 .oo 
90000.00 
910oo.00 
92000 .oo 
93000.00 
94000.00 
95000.00 
96000 .oo 
97000 .OO 

PRESSURE 
nt/sq meter 

.5921321 03 

.5107845 03 

.4406000 03 

.3799370 03 

.3274738 03 

.2821228 03 

.2429378 03 

.2090957 03 

.I799051 03 

.1547705 03 

.1331476 03 

.1145502 03 

.9855226 02 

.8481457 02 

.7303097 02 

.6291836 02 

.5424558 02 

.4685122 02 

.4056865 02 

.3521566 02 

.3063244 02 

.2668227 02 

.2326518 02 

.2030610 02 

.1772366 02 

.1545264 02 

.I345579 02 

.I169884 02 

.lo14733 02 

.87756813 01 

.7566166 01 

.6517221 01 
-5621431 01 
.4855856 01 
.4199882 01 
.3630504 01 
.3131256 01 
.2694390 01 
.2312917 01 
.1978383 01. 
.1683533 01 
.14243$2 01 
.iig7564 01 
.loo9018 01 
.8614296 00 
.7458868 00 
-6535149 00 
.5750984 00 
.50-%133 00 
.4379352 00 
.3773426 00 
.3248552 00 
.2820571 00 
.21+7~333 00 
.216915i 00 
.1893529 00 
~636963 00 
.1400065 00 
.1183266 00 
.9910684 ol- 
.8305844 Ol- 
.7OO1877 01- 
.6009428 01- 
-5283537 01- 

DEIiSITY 
deviation 

( 7 0  

8.93- 
11.28- 
7.60- 
6.93- 
6.47- 
6.22- 
6.16- 
6.31.- 
6.79- 
7.59- 
8.52- 
9.57- 
10.73- 
12.29- 
14.45- 
16.81- 
19.26- 
22.41- 
25.23- 
28.03- 
30.1~- 
32.24- 
33.89- 
35.38- 
35.86- 
36.22- 
36.60- 
36.77- 
36.76- 
37.11- 
37.50- 
39.65- 
41.60- 
43.30- 
44.62- 
44.58- 
44.53- 
44.46- 
44.37- 
43.54- 
42.59- 
41.73- 
40.98- 
45.56- 
50.79- 
54.37- 
56.70- 
53.51- 
48.20- 
42.59- 
36.65- 
37 70- 
39.07- 
39.65- 
34.86- 
26.93- 
18.44- 
8.61- 
1.36 
5.83 
3.58 
1.79 
12.81- 
21.59- 



FIGURE 10 
CHURCH LL, FEB. 1, 1967 1158 GMT. 



HEIGHT 
meters 

PRESSURE 
nt/sq meter 

DENSI!IY 
@/cu meter 

TEl.IPERATURC 
degrees Kelvin 

PRESSURE 
deviation 

($) 

DE2iSITY 
deviation 

(%) 

.5212889 00 

.4466286 00 

.3026341 00 

.3257056 00 
,2759765 00 
.2346467 00 
.I906497 00 
,1679857 00 
.I439877 00 
.1230562 00 
.lo51910 00 
.a972569 O l -  
.7612685 O l -  
-6452785 01- 



FIGURE 11 
NT BARROW , FEB. 1, 1967 1426 GMT. 

W I N D  DrnCTION 
degrees 

W I N D  SPEED 
m/sec 

TEMPERATURE ( 90 

ERROR 
m/sec (4 

TEMPERATURE 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (2)  

WIND COWONENTS 
m/sec 

SOUTH 
component (+ ) 

/ 
WIND 
(MPS) 

LEGEND 

HEIGHT 
meters 

WEST 
component (+ ) 

5 m / s e c  50 m/sec 

or less 
DIRECTION OF 

\ i o m / s e c  NORTH WIND 



HEIGHT 
meters 

PRESSURF: DENSITY TEMPERRTURE PRESSURE 
nt/sq meter kg/cu meter degrees Kelvin deviation 

($1 

DElJS ITY 
deviation 

(76 1 

10.21- 
9.47- 
8.52- 
7.42- 
6.54- 
5.89- 
5.47- 
5.27- 
5.87- 
7.04- 
8.24- 
9.48- 

10.66- 
11.14- 
11.81- 
13.19- 
14.84- 
16.40- 
18 .oo- 
19.66- 
23 53- 
27.69- 
31.25- 
34.00- 
35.32- 
36.54- 
37.65- 
39.73- 
41.80- 
43.69- 
43.79- 
41.14- 
38.53- 
35.99- 
36.73- 
39.44- 
41.72- 
43.64- 
44.62- 
44.51- 
44.36- 
44.15- 
44.04- 
44.10- 
44.03- 
43.84- 
43.42- 
42.67- 
40.64- 
38.65- 
39.09- 
40.24- 
40.82- 
38.67- 
34.03- 
29.34- 
25.92- 
22.67- 
19.48- 
18.40- 
17.18- 



GURE 12 
WALLOPS S., FEB. 3, 1967 1752 GMT. 

W I N D  DIRECTION 
degrees 

W I N D  SPEED 
m/sec 

TEMPERATURE ( O K )  

ERROR 
m/=c (+) 

.85 

.84 
1.66 
2.38 
1.52 
2.18 
3.59 
3.51 
4.64 
4.04 
4.86 
9.04 
8.08 

13.79 
15.99 
14.87 
12.78 

y/ 
WlND 
(MPS) 

TEMPERATURE 
degrees Kelvin 

m IGI-IT 
meters 

ERROR 
degrees Kelvin (+) 

M I N D  COMPONENTS 
m/sec 

HEIGHT 
meters 

SOUTH VEST 
component (+ ) component (+ ) 

LEGEND 

5 rn/sec 50 rn/sec 
or less 

DIRECTION OF 
10 rn/sec NORTH WIND I 



HEIGHT 
meters 

PRESSURE DENSITY TEMPERATURE PRESSUREl 
nt/sq meter kg/cu meter degrees Kelvin deviation 

($)  

DENSITY 
deviation 

($) 

5.21- 
6.30- 
7.13- 
7.86- 
8.52- 
9. ll- 
9.56- 
9.21- 
8.94- 
8.74- 
8.62- 
9.27- 
9.94- 

10.55- 
10.77- 
lo. 62- 
11 09- 
11.83- 
12.16- 
12.24- 
12.34- 
12.81- 
13 50- 
13.49- 
13.24- 
13.04- 
12 + 91- 
12.86- 
12.90- 
13.00- 
13.52- 
16.22- 
18.57- 
20.60- 
21 -15- 
21.04- 
20.91- 
21.34- 
22.41- 
23.23- 
23.81- 
23.21- 
22.38- 
21.44- 
21.38- 
21.19- 
20.10- 
17 -63- 
14.32- 
7.67- 
4.64- 

-76- 
7.67 



FIGURE 13 
WALLOPS IS., MAR. 31, 1967 1719 GMT. 

WIND DIRECTION 
degrees 

bIIND SPEED 
m/sec 

TEMPEPATURE ( O K )  

ERROR 
m/sec (i) 

W l N D  
(MPS) 

TEWERATURE 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (+) 

6.04 
6.80 
8.85 
7.36 
6.28 
5.19 
5.38 
5.49 
3.30 
4.45 
5.01 
4.03 
3.96 
7.15 
8.31 

1.1.69 
13.65 
14.33 

WIND COMPONENTS 
m/sec 

HEIGHT 
meters 

SOUTH WEST 
component (+ ) component (+ ) 

LEGEND 

5m/sec  L 5Ornjsec 
or less 

DIRECTION OF 
10 m/sec NORTH W l N D  



HEIGHT 
meters 

PRESSURE DENSITY TEMPERATURE PRESSURE 
nt/sq meter kg/cu meter degrees Kelvin deviation 

($1 

DENSITY 
deviation 

( 5 )  



FIGURE 14 
NT BARROW, APR. 4, 1967 0010 GMT. 

\FIND DIRECTION 
degrees 

W I N D  SPEED 
m/sec 

GRENADE B 

ERROR 
m/sec (+) 

BALLOONSONDE 21w 160 200 240 

TEMPERATURE (OK) 

TEFIIPERArnE 
degrees Kelvin 

ERROR 
degrees Kelvin (+) 

HEXGHT 
meters 

W I N D  COMPONENTS 
m/sec 

HFl IGHT SOUTH WEST 
meters component (+ ) component (+ ) 

LEGEND 

5 m/sec 50 m/sec 
or less 

DIRECTION OF 
\ 10 rn/sec NORTH WIND 



K E I G r n  
meters 

PRESSURE DENSITY TEMPERA- PRESSURE DENSITY 
nt/sq meter @/cu meter degrees Kelvin deviation deviation 

( 7 6 )  (%) 



GURE 15 
NT BARROW, APR. 10, 1967 2100 GMT. 

PIIIvD DrnCTION 
degrees 

I,JIND SPEED 
m/sec 

BALLOONSONDE 

160 200 240 280 

ERROR 
m/sec ( 2 )  

TEMPERATURE 
degrees Kelvin 

ERROR 
degrees Kelvin (_+) 

HEIGHT 
meters 

KE IGHT SOUTH VEST 
meters component (+ ) component (+ ) 

TEMPERATURE (OK) 

LEGEND 

r 5 m/sec 50 in /sec 
or less 

DIRECTION OF 
I O ~ / S ~ C  NORTH WIND 



KEIGHT 
meters 

PRESSURE DENSITY 
nt/sq meter kg/cu meter 

TEMPETRATURE 
degrees Kelvin 

PRESSURE 
deviation 

($1 

4.41 
4.64 
4.74 
4.74 
4.68 
4.56 
4.38 
4.14 
3.86 
3.55 
3.24 
2.91 
2.57 
2.14 
1.57 

.90 

.26 

.26- 

.66- 

.92- 
1.18- 
1.52- 
1.96- 
2.44- 
2.86- 

DENSITY 
deviation 

($1 

2.12 
3.34 
4.23 
4*71 
5.11 
5.44 
5.71 
5-90 
5.88 
5.68 
5.47 
5.25 
5,16 
5.86 
6.40 
6.12 
4.91 
3.25 
1.76 

.44 

.99 
1.35 
1.63 
1.12 

2 4 -  
1.48- 
2.50- 
1.88- 
1.36- 
2.23- 



FIGURE 16 
WALLOPS S., APR. 11,1967 1715 GMT. 

WIND DIRECTION 
degrees 

W I N D  SPEED 
m/sec 

100 I I I I I I  

180 220 260 300 

TEMPERATURE (OK) 

ERROR 
m/sec (-1-1 

TJ3MPERAm ERROR 
degrees Kelvin degrees Kelvin (f ) 

HEIGHT 
meters 

W I N D  COMPONENTS 
m/sec 

SOUTH 
component (+ ) 

LEGEND 

I-IEIGHT 
meters 

WEST 
component (+ ) 

S m / s e c  50 m / s e c  
or l e s s  

DIRECTION OF 
\ i o m / s e c  NORTH WIND 4 



HEIGHT 
meters 

PRESSURE DENSITY 
nt/sq meter kg/cu meter 

TEMPERATURE 
degrees Kelvin 

PRESSURF: 
deviation 

($) 

DENSITY 
deviation 

( 5 )  



GURE 17 
NT BARROW , APR. 18, 1967 2207 GMT. 

WIND DIRECTION WIND SPEED 
degrees m/sec 

ERROR 
m/sec ( 2 )  

1.05 
3.15 
7.30 

10.18 
10. 08 
10.81 
10.75 
13.30 
11.31 
13.32 
30.43 
15.65 
31.26 
17.01 
32 99 
40.60 
41.11 
27.56 

TEMPERATLRE ERROR HEIGHT 
degrees Kelvin degrees Kelvin ( f )  meters 

W I N D  COMPONENTS 
m/sec 

KEIGHT SOUTII WEST 
meters component (+ ) component (+ ) 

TEMPERATURE ( O K )  WIND 

(MPS) LEGEND 

L 5 m/sec 50 rn/sec 
or less 

DIRECTION OF 
\ 10 rn/sec NORTH WIND 



HEIGHT 
meters 

PRESSURE DENSITY TEMPERATURF 
nt/sq meter kg/cu meter degrees Kelvin 

PRESSURE 
deviation 

(Z)  

DENSITY 
deviation 

($) 



FIGURE 18 
WALLOPS IS., APR. 20, 1967 1732 GMT. 

WIND DIRECTIOIT W I N D  SPED ERROR 
degrees m/sec m/sec ( 2 )  

4 

WIND 

TEMPERATURE (OK) (MPS) 

TEMPERATURE 
degrees Kelvin 

226.10 
234.03 
242.18 
251.22 
258.57 
265.94 
273.65 
279.22 
280.47 
270.69 
260.76 
250.70 
246.38 
243.24 
232.92 
230.33 

ERROR 
degrees Kelvin ( 2 )  

HEIGHT 
meters 

30000.00 
35000.00 
40000.00 
45000.00 
50000.00 
55000 .OO 
60ooo.00 
650oo.00 

W I N D  c0MPomms 
m/sec 

SOUTH 
component (+ ) 

-1.94 
-3.88 
-6.88 
-6.71 
-.35 
6.31 

lo.  98 
14.28 

LEGEND 

HEIGHT 
meters 

28232.64 
30939.49 
33609. Go 
36219.14 
38918.79 
41579.09 
44425.54 
47611.54 
50703.84 
53721.89 
56790.45 
59399.09 
61453.14 
63456.20 
65415.09 
67256.09 

\EST 
component (+ ) 

L 5 m / s e c  50 rn/ s e c  
or l e s s  

DIRECTION OF 
\ I O ~ ~ / S ~ C  NORTH WIND 



HEIGHT 
meters 

PRESSURE DENSITY TEMPERATURE PRESSURE 
nt/sq meter kg/cu meter degrees Kelvin deviation 

(%) 

DENSITY 
deviation 

($1 



GURE 19 
WALLOPS IS., APR L 29, 1967 1139 GMT. 

WIND D r n C T I O N  
degrees 

WIND SPEEZ 
m/sec 

BALLOONSONDE 

160 200 240 280 320 

ERROR 
m/sec ( 2 )  

.48 

.56 

.92 

.89 
1.09 

.84 
1.02 
1.23 

.77 

.99 
1.73 
2.68 

TEMPERATURE 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (k)  

SOUTH 
component (+) 

LEGEND 

HEIGHT 
meters 

I rnST  
component (+ ) 

L 5 rn/sec 50 rn /sec 
or less 

DIRECTION OF 
\ l o  rn/sec NORTH WIND 



HEIGHT 
meters 

PRESSW DENSITY TEMPERATURE PRESSURE 
n t / sq  meter kg/cu meter degrees Kelvin deviation 

(Z )  

DENSITY 
deviation 

( 5 )  



GURE 20 
NT BARROW, APR L 30, 1967 0140 GMT. 

WIND DIRECTION WIND SPEED 
degrees m/sec 

14.30 
16.62 
7 -90 

18.71 
10.02 
21.03 
19.39 
10.20 
17.49 
6.65 

27.58 
28.64 
1.6.01 
28.72 
33.48 
55.19 
go. 81 
20.39 

ERROR 
m/sec (t) 

TEMPERATURE (OK) WIND 
(MPS) 

TEMPERATURE ERRQR HEIGHT 
degrees Kelvin degrees Kelvin ( 2 )  meters 

bIIND COMPONENTS 
m/sec 

HEIGHT SOUTH WEST 
meters component (+) component ( c )  

LEGEND 

L 5 m/sec 50 m/sec 
or less 

DIRECTION OF 
\- 10 m/sec NORTH WIND 



rn IGHT 
meters 

PFiE3SURE DENSITY TEMPERATURE PESSURE 
nt/sq meter kg/cu meter degrees Kelvin deviation 

( 5 )  

DENS IT?! 
deviation 

($1 



GURE 21 
WALLOPS S., MAY 4, 1967 2007 GMT. 

WIND DIRECTION WIND SPEED ERROR 
degrees m/sec m/sec (+) 

TEMPERATURE ('K) 

- K 2 !i 
4 40- 

TEMPERATURE ERROR E I G H T  
degrees Kelvin degrees Kelvin (t) meters 

l o o l I I I I , I  

GRENADE zf-$ - - : 
- 

W I N D  COMPONENTS 
m/sec 

- 

20 - BALLOONSONDE 
- 

- 

160 200 240 280 

HEIGHT SOUTH WEST 
meters component (+ ) component (+ ) 

LEGEND 

L 5 m/sec 50 m/sec 
or less 

DIRECTION O F  
\ 10 m/sec NORTH W I N D  1 



HEIGHT 
meters 

PI3ESSURE DENSITY 'EMPERATURF PRESSW 
nt/sq meter kg/cu meter degrees ICelvfn deviation 

($1 

DENSITY 
deviation 

($1 



FIGURE 22 
POINT BARROW, MAY 9, 1967 0720 GMT. 

WIND DIRECTION 
degrees 

WIND SPEED 
m/sec 

TEMPERATURE ( O K )  

ERROR 
m/sec (+) 

2.01 
4.71 
7.70 
8.46 
5.10 
11.47 
8.98 
5.911. 
14.52 
16.51 
10.24 
11.54. 
1.1.16 
4.34 

TEMPERRTZ.rn 
degrees Kelvin 

HEIGHT 
meters 

35000.00 
40000.00 
45000.00 
50000.00 
55000.00 
60ooo.00 
65000 .oo 
70ooo.00 
75000 .OO 
80000 .oo 
85000 .oo 
goooo. 00 

ERROR 
degrees Kelvin ( 2 )  

b a r n  COMPONENTS 
m/sec 

SOUTH 
component (+) 

4.59 
-6.44 
-7.89 
-11.21 
-5.44 
-5.80 
1.40 
3.10 
4.38 

-27.09 
-20.09 
39.02 

\ 
WlND 
(MPS) 

LEGEND 

HEIGHT 
meters 

WEST 
component ( + ) 

-8.90 
-11.84 
-3.99 
-11.29 
-22.42 
-35.18 
-19.40 
-10.93 
-14.04 
34.50 
28.98 
37.38 

5m/sec 50 m/sec 
or less 

DIRECTION OF 
l o  m/sec NORTH W I N D  1 



IBIGHT 
meters 

PRESSURE DENSITY TEMPERATURE 
nt/sq meter kg/cu meter degrees Kelvin 

PRESSURE 
deviation 

($1 

DENSITY 
deviation 

($1 

3.55 
4.64 
5.44 
5.93 
6.41 
6.87 
7.33 
7.76 
8.24 
8.74 
9.22 
9.66 

10.07 
10.39 
lo .  69 
10.29 
10.47 
11.60 
12.64 
13.59 
13.98 
14.00 
U.95 
13.90 
13.85 
13.81 
13.78 
U.55 
13.33 
12.79 



FIGURE 23 
WALLOPS IS., MAY 11, 1967 0825 GMT. 

'WIND DIRECTION 
degrees 

WIND SPEED ERROR TEMPERATITRE 
m/sec m/sec (+) degrees Kelvin 

10.98 -64 251.67 
13.34 1.13 267.52 
17.73 1.20 269.31 
19-89 1.12 272.34 
20.77 1.22 267.76 
17.35 1.28 259.76 
23.55 2.48 243.73 
36.15 1.96 242.63 
32.25 1.11 239.22 
38.74 .95 ,214.80 
26-57 .89 191.91 
18.46 .96 175.47 
44.00 3.04 166.30 
90.17 25.55 165.01 
77.67 45.95 175.60 
61.74 24.78 205.53 

T E M P E R A T U R E  ('K) 

\ 
WIND 
( U P S )  

HEIGHT 
meters 

ERROR 
degrees Kelvin (i-) 

.33 

.42 

.58 

.58 

.57 

.66 

.66 
-51 
.36 
.29 
.23 
23 

.41 
5.28 
7.85 
8.68 

W I N D  COMPONENTS 
m/sec 

SOUTH 
component (+ ) 

LEGEND 

HEIGHT 
meters 

WEST 
component (+ ) 

L 5 m /sec 50 m/sec 
or less 

DIRECTION O F  
\ 10 m/sec NORTH WIND 



HEIGHT 
meters 

PRESSIJRE DENSITY 
nt/sq meter kg/cu meter 

TEMPERATLTKE 
degrees Kelvin 

PRESSrn 
deviation 

($) 

12.00- 
11.40- 
10.73- 
lo. 06- 
9.40- 
8.76- 
8.14- 
7.53- 
6.95- 
6.46- 
6.08- 
5.81- 
5.64- 
5.58- 
5.57- 
5.54- 
5.48- 
5.43- 
5.44- 
5.49- 
5.53- 
5.56- 
5.61- 
5.68- 
5.80- 
6.05- 
6.44- 
6.92- 
7.38- 
7.68- 
7.79- 
7.74- 
7.52- 
7.12- 
6.57- 
5 98- 
5.48- 
5.07- 
4.77- 
4.58- 
4.50- 
4. 56- 
4.76- 
5.05- 
5.40- 
5.79- 
6.21- 
6.79- 
7.63- 
8.71- 
10.02- 
11.46- 
12.91- 
14.38- 
15.66- 
16.56- 
16.99- 
16.77- 
15.90- 

DENS LTY 
deviation 

( 5 )  

15.87- 
15.86- 
15.50- 
14.77- 
14.05- 
13.35- 
12 67- 
12.00- 
11.05- 
9.75- 
8.55- 
7.45- 
6.46- 
5.69- 
5.63- 
5.88- 
6.00- 
5.52- 
5.09- 
5.09- 
5.22- 
5.16- 
5.11- 
5.07- 
4.31- 
3.56- 
2.91- 
3.02- 
4.42- 
6.09- 



FIGURE 24 
POINT BARROW, MAY 15, 1967 1140 GMT. 

WIND DDiECTION 
degrees . 

WIND SPEED 
m/sec 

BALLOONSONDE OW O 160 200 240 280 

TEMPERATURE ( O K )  

ERROR 
m/sec (+) 

=;\ 

I- 

b / 
WlND 
(MPS) 

TEMPERA- ERROR 
degrees Kelvin degrees Kelvin (+_) 

HEIGIFT 
meters 

HIND COMPONENTS 
m/sec 

HEIGHT 
meters 

SOUTH WEST 
component (+ ) component (+ ) 

LEGEND 

5 m/sec 50 m/sec 
or less 

DIRECTION OF  
10 m/sec NORTH WlND 



HEIGHT 
meters 

PRESSURE DENSITY TEMFERATURE 
nt/sq meter kg/cu meter degrees Kelvin 

PRESSURE 
deviation 

($1 

14.31 
14.88 
15.37 
15.83 
16.29 
16.76 
17.24 
17.71 
18.19 
18.65 
19.08 
19.48 
19.86 
20.20 
20.53 
20.96 
21.44 
21.82 
22.01 
22.02 
21.98 
21.95 
21.95 
22.00 
22.16 
22.47 
22.91 
23 29 
23.43 
23.39 
23.31 
27-33 
23.48 
27-75 
24.02 
24.17 
24.19 
24.07 
23.94 
23.91 
23.99 
24.18 
24.30 
24.21 
23.90 
23.45 
23.22 
23.18 

DENSITY 
deviation 

(%) 

9.84 
10.97 
11.92 
12.29 
12.68 
13.07 
13.46 
13.86 
14.36 
15.00 
15.60 
16.18 
16.74 
17.40 
17-27 
16.82 
17.36 
19.27 
21.03 
22.15 
22.04 
21.80 
21.58 
21.05 
20.10 
19.30 
18.78 
21.09 
22.86 
23.96 
23.40 
22.49 
21.69 
21.21 
22.30 



GURE 25 
NATAL, JUNE 24, 1967 0826 GMT. 

brrm D I ~ C T I O I ~ I  
degrees 

273.66 
268.73 
264.76 
272.05 
226.94 
256.40 
280.94 
280.29 
17.91 

262.29 
294.60 
156.60 
296.50 
86.34 

206.13 
loo. 87 

W I N D  SPEED 
m/sec 

ERROR 
m/sec ( 2 )  

Q 40- 

- 

20 - 

- 

TEMPERATURE (OK! WIND 

TEWERATURE 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (+) 

W I N D  c0MPomm 
m/sec 

HEIGHT 
meters 

SOUTH WST 
component (+) component (+) 

LEGEND 

5 m/sec 50 m j s e c  
or less 

DIRECTION O F  
lOm/sec NORTH W I N D  



HEIGHT 
meters 

PRESSURE: 
nt/sq meter 

DENSITY TEMPERATURE PRESSURE 
kg/cu meter degrees Kelvin deviation 

(%)  

DENSITY 
deviation 

(%) 

4.71- 
3.82- 
3.23- 
2.86- 
2.49- 
2.14- 
1.81.- 
1.46- 
.76- 
.13- 
.42 
.91 
1.72 
2.43 
2.57 
2.11 
1.97 



GURE 26 
NATAL, JUNE 24, 1967 2035 GMT. 

W I N D  DIRECTION 
degrees 

'VIIND SPEED 
m/sec 

ERROR 
m/sec (k) 

TEMPERATURE 
degrees Kelvin 

ERROR 
degrees Kelvin (2)  

HEIGHT 
meters 

100 I I I I I '  

7 60 
2 - g t 2 o I; GRENADE :i 
4 40- - 

TEMPERATURE (OK) 

kTIND COMPONENTS 
m/sec ' 

HEIGHT 
meters 

SOUTH \JEST 
component (+) component (+) 

'L 

WlND 
(MPS) LEGEND 

5 m / s e c  50 m / s e c  
or less 

DIRECTION OF  
10 m / s e c  NORTH W l N D  



HEIGHT 
meters 

PRESSURE 
nt/sq meter 

DENSITY 
kg/cu meter 

r n M f ? E R A W  
degrees Kelvin 

PRESSURE 
deviation 

(%) 

1.15- 
.62- 
.lo- 
.34 
.73 
1.05 
1.31 
1.51 
1.67 
1.80 
1.92 
2.01 
2.03 
1.92 

DENSITY 
deviation 

($) 

4.49- 
4.16- 
3.29- 
2.40- 
1.58- 
.a- 
.12- 
.48 
.81 
1.11 
1.39 
1.65 
2.62 
3.63 
3.84 
7.71 



GURE 27 
NATAL, JUNE 25, 1967 0834 GMT. 

j7IND DIRECTION 
degrees 

W I N D  SPEED 
m/sec 

ERROR 
m/sec 

3.46 
5.60 
9.46 

11.63 
7.01 

13.01 
19-71 
19.66 
16.54 
34.26 
40.61 
16.93 
13.89 
30.37 
34.15 
45.16 
71.68 
66.74 

TEMPERATURE (OK) 

G 
WIND 
(MP5)  

TEMPERATURE ERROR HEIGHT 
degrees Kelvin degrees Kelvin ( 2 )  meters 

HEIGHT SOUTH WEST 
meters component (+ ) component (+ ) 

LEGEND 

5m/sec 50 m / sec 
or less 

DIRECTION OF 
\ 10 m/sec NORTH W I N D  



HEIGHT 
meters 

PRFSSURI;: 
nt/sq meter 

DENSITY TEWERATURE 
kg/cu meter degrees Kelvin 

PRESSURE 
deviatLon 

( % I  

DENSITY 
deviation 

($1 

2.81- 
3.85- 
3.66- 
3.37- 
3.07- 
2.76- 
2.45- 
1.85- 
.61- 
.50 
1.48 
2.31 
2.76 
3.12 
2.73 
2.54 
2.20 
2.04 
1.84 
1.13 
.18 
.68- 
.36- 
.12 
.51 
.93 
1.31 
1.56 
1.18 
.06 
1.05- 
2.19- 
4.20- 
6.19- 
8.02- 
9.70- 
11.60- 
13.28- 
14.75- 
15.78- 
15.82- 
15.83- 
15.78- 
17.85- 
20.86- 
23.09- 
24.13- 
19.65- 
15.18- 
lo. 89- 
6.90- 
3.07- 
.43 
7-70 
6.48 
8.78 
11.74 
18.07 



FIGURE 28 
POINT BARROW, AUG. 3, 1967 1110 GMT. 

PI T O T  

TEMPERATURE ( O K )  



HEIGIIT 
meters 

PFaSSURE DENSITY TEMPERATURE 
nt/sq meter kg/cu meter degrees Kelvin 

PRESSURE 
deviation 

(%) 

DENSITY 
deviation 

($1 



FIGURE 29 
POINT BARROW, AUG . 5, 1967 0956 GMT. 

100 

80 

7 60-  
Y 
V 

W 
0 

2 - 
C 

40-  

20 

O 

TEMPERATURE ( O K )  

I I I I I I I I 

7 - 

- - 

- - 

- 

- PlTOT - 

- 

- - 

- - 

- - 

1:o 
I I I I I I I 

180 220 260 300 



HEIGHT 
mcters 

PRESSlJliE 1)RIGITY 
nt,/sq meter I ~ / c u  m c t r r  

DENSI'PY 
devia t ion  

($1 

no 
00 
00 
00 
on 
on 
00 
00 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
02 - 
02 - 
O? - 
02- 
02- 
02- 
02- 
02 - 
02- 
02- 
02- 
02- 
02 - 
O? - 
OP- 
02- 
02- 
03- 
03- 



GURE 30 
NATAL, AUG. 26,1967 1139 GMT. 

W I N D  DIRECTION 
degrees 

WIND SPEED 
m/sec 

4.31 
3.97 

10.31 
1.86 
7.94 

11.45 
15.44 
23.45 
27.07 
27.54 
43.87 
60.26 
55.84 
60.43 
46.42 
79.27 
95.79 

225.36 

ERROR 
m/sec ( 2 )  

3.95 
3.65 
3.26 
5.74 
7.20 
3.26 

14.02 
9.39 

14.57 
8.11 

14.25 
14.86 
26.64 
39.20 
16.37 
47.68 
39.15 
59.61 

TEMPERATURE (OK) 

TEMPERATURE ERROR En IGHT 
degrees Kelvin degrees Kelvin (_+) meters 

W IM) COMPONENTS 
m/sec 

HEIGHT SOUTH WEST 
meters component (+ ) component (+ ) 

~~0000.00 
45000.00 
50000.00 
55000.00 
60000. oo 
65000.00 
70ooo.00 
75000.00 
80ooo.00 
85000.00 
goooo. 00 

LEGEND 

5 rn/sec 50 rn j sec  
or less 

DIRECTION OF 
\ 10 rn/sec NORTH WIND 



HEIGHT 
meters 

FRESSW DENSITY 
nt /sg  meter kg/cu meter 

TEMPERARJFG 
degrees Kelvin 

PRESSURE 
devia t ion 

($1 

DENSITY 
devia t ion 

($1 



FIGURE 31 
NATAL, AUG. 26,1967 2339 GMT. 

WIND DIRECTION WIND SPED 
degrees m/sec 

180 220 260 300 

TEMPERATURE (OK) 

ERROR 
m/sec ( + I  

1.41 
2.67 
4.84 
4.29 
8.58 
8.10 
7.84 
6.81 
5-92 
6.71 
1.86 
8.88 

10.23 
15.12 
27.14 
21.66 
31.19 
37.06 

4 

?J 
\ 
L 

WlND 
(MPS) 

TEMPERATURE 
degrees Kelvin 

244.60 
257.42 
269.83 
262.06 
262.84 
252.40 
242.06 
227.15 
226.57 
211.80 
193.86 
182.13 
202.22 
198.80 
208.14 
195.25 
183.27 
170.51 

KEIGHT 
meters 

ERROR HEIGHT 
degrees Kelvin ( 4 )  meters 

WIND COMPONENTS 
m/sec 

SOUTH PEST 
component (+) component (t) 

LEGEND 

5 m / i e c  L 5Om/sec 
01. less 

DIRECTION OF 
10 m/sec NORTH W l N D  



HEIGIIT 
meters 

PRESSIJRE DENSITY TEMPERATURE PWSSURE 
nt/sq meter kg/cu meter degrees Kelvin deviation 

($1 

DERSITY 
deviation 

(7h )  

1.68 
2.75 
3.74 
4.49 
4.94 
5.37 
5.75 
6.10 
6.41 
6.52 
6.55 
6. 58 
6.63 
7.h 
8.58 
9.26 
9.84 
9.51 
9.02 
8.11 
7.48 
7.66 
7.79 
7.87 
7.89 
7.86 
7.75 
8.05 
8.03 
7.44 
5-72 
5.22 
.99 
1.00- 
1.42- 
1.72- 
2.02- 
2.32- 
2.21- 
2.13- 
2.11- 
2.26- 
3.06- 
3.81- 
4.53- 
6.99- 
11.19- 
12.68- 
13.65- 
11.87- 
9.66- 
7.51- 
7.37- 
7.10- 
4.59- 
.04 
4.50 
10.29 



FIGURE 32 
NATAL , BUG. 28, 1967 0030 GMT. 

W I N D  D r n C T I O N  
degrees 

WINE SPI+:ED 
m/sec 

ERROR 
m/sec ( + I  

2-97 
3.07 
4.16 
4.81 
7.37 

14.02 
11.35 
8.89 
6.57 
8.86 
6.33 
8.90 
9.63 

33.83 
45.88 
43.97 
24.98 

T E ~ P E r n r n E  
degrees Kelvin 

ERROR 
degrees Kelvin ( 2 )  

HEIGHT 
meters 

100 I I I I I I I  W I N D  COPlPONENTS 
m/sec 

HEIGHT SOUTH WEST 
meters component (+ ) component (+ ) 

40000.00 .61 -.38 
45000 .OO -3.26 -3.48 
~OOOO.OO -7 32 9-31 
55000.00 -15.46 1.52 
~OOOO.OO -8.03 1.29 
650oo.00 6.17 19.55 
70ooo.00 5.78 28.98 
75000.00 5.54 31.22 
~ O O O O . O O  -5.47 -29.38 
85000.00 17.17 -1.43 
goo00 . 00 -26.37 31.44 

TEMPERATURE (OK) LEGEND 

_r 5 m/sec 50 m/sec 
or less 

DIRECTION OF  
\ 10 m/sec NORTH WIND 



HEIGHT 
meters 

PRESSURE 
nt/sq meter 

DENSITY 
kg/cu meter 

TEMPERArnE 
degrees Kelvin 

PRESSURE 
deviation 

( % I  

2.81 
3.17 
3.47 
3.72 
3.99 
4.31 
4.67 
5.09 
5.55 
5.98 
6.28 
6.41 
6.39 
6.23 
5.94 
5.59 
5-27 
4.94 
4.56 
4.12 
3.63 
3.13 
2.64 
2.15 
1.65 
1.14 
.61 
.07 
.4a- 
1.04- 
1.62- 
2.28- 
7.07- 
3.96- 
4.84- 
5.59- 
6.22- 
6.73- 
7.11- 
7.36- 
7.49- 
7.51- 
7.45- 
7.35- 
7.19- 
6.91- 
6.42- 
5.67- 
4.82- 
3.98- 
3.07- 
2.02- 
.63- 
1.19 
3.84 
7.64 
12.10 
16.47 

DENSITY 
deviation 

($1 

.38 
1.16 
1.86 
2.28 
2.15 
2.09 
2.08 
2.12 
2.21 
3.36 
4.88 
6.25 



FIGURE 33 
NATAL, OCT. 14, 1967 1120 GMT. 

W I N D  DIRECTION 
degrees 

WIND SPEED 
m/sec 

ERROR 
m/sec (2) 

TEMPERAWE 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (+) 

SOUTH 
component (+ ) 

LEGEND 

IEIGHT 
meters 

WEST 
component (+ ) 

\5m/sec  L 50m/sec 
or less 

DIRECTION OF 
\ 10 m/sec NORTH W I N D  



HE SGHT 
meters 

PRESSUiW DENS STY TEMPEmmE PRESSUXE 
nt/sq meter kg/cu meter degrees ICelvin deviation 

($1  

DENSITY 
deviation 

($1 



GURE 34 
NATAL, OCT. 15, 1967 11 15 GMT. 

W I N D  DIRECTION W I N D  SPEED ERROR TEM'ER4TURE ERROR HEIGHT 
degrees m/sec m/sec (2) degrees Kelvin degrees Kelvin (+) meters 

TEMPERATURE ("K) 

HEIGHT 
meters 

40000.00 
45000.00 
50ooo.00 
55000.00 
60ooo.00 
65000.00 
70ooo.00 
75000.00 
80ooo.00 
85000.00 
goo00 . 00 

WIND c0MPomNTs 
m/sec 

SOUTH 
component (+ ) 

-1.52 
-1.90 
2.28 

-2.31 
14.85 
-5.45 
6.42 

-3.29 
-16.59 

2.21 
-68.09 

LEGEND 

WEST 
component (+ ) 

16.00 
32.61 
24.97 
11.48 
54.57 
51.31 
28.68 

-11.87 
-29.02 
-59 30 
-26.53 

L 5 rn/sec 50 d/sec 
or less 

DIRECTION OF 
\ 10 rn/sec NORTH W I N D  J 



HEIGHT 
meters 

PRESSURE DENSITY T E M P E R A W  PRESSURE 
nt /sq meter kg/cu meter degrees Kelvin deviation 

(9) 

DENSITY 
deviation 

( 7 6 )  



FIGURE 35 
NATAL, OCT. 15, 1967 2315 GMT. 

WIND DIRECTION WIND SPEED 
degrees m/sec 

TEMPERATURE ( O K )  

ERROR 
m/sec ( 2 )  

!CEMPERATURE ERROR HFIGHT 
degrees Kelvin degrees Kelvin ( 2 )  meters 

WIND COMPONENTS 
m/sec 

HEIGHT SOUTH WEST 
meters component (+ ) component (+ ) 

LEGEND 

L 5 m/sec 50 m/sec 
or less 

DIRECTION OF 
\ .  10 m/sec NORTH WIND 



HEIGHT 
meters 

PRESSURE' DEiVSIT1P 
nt/sq meter kg/cu meter 

rnMeERATIIRF: 
degrees ICelvin 

PRESSURE 
deviation 

($1  

1.26- 
.80- 
.38- 
'00 
.38 
.74 

1.09 
1.42 
1.71 
1.91 
2.01 
2.01 
1.92 
1.70 
1.40 
1.09 

.76 

.37 

.11- 

.64- 
1.01- 
1.10- 

.91- 
,61- 
.41- 
.41- 
.6O- 
.95- 

1.43- 
1.97- 
2.59- 
3.30- 
4.12- 
5.04- 
6.01- 
6.98- 
7.96- 
8.95- 
9.90- 

10.78- 
11.60- 
12.24- 
12.40- 
11.89- 
10.71- 
9.00- 
7.04- 
5.16- 
3.55- 
2.00- 

DENSITY 
deviation 

($1 



GURE 36 
WALLOPS S., DEC. 12, 1967 2200 GMT. 

W I N D  DIRECTION 
degrees 

W I N D  S P E D  
m/sec 

ERROR 
m/sec ("1 

BALLOONSONDE 

2 0 /  1 g 
0 

180 220 260 300 WIND 

TEIPERATURE 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (2)  

W I N D  COMPONENTS 
m/sec 

HE IGIiT 
meters 

SOUTH VIEST 
component (+) component (+) 

TEMPERATURE ( O K )  (MPS) 

LEGEND 

L 5 rn/sec 50 rn/sec 
or less 

DIRECTION OF 
10 rn/sec NORTH W l N D  



HEIGHT 
meters 

PRESSUXE 
nt /sq meter 

DENSITY 
kg/cu meter 

TEMFER ATURE 
degrees Kelvin 

PRESSURE 
deviation 

($) 

5.91- 
5.90- 
5.85- 
5.79- 
5.70- 
5.58- 
5.44- 
5.25- 
5.00- 
4.69- 
4.51- 
3.87- 
3.36- 
2.77- 
2.12- 
1.39- 

.65- 

.01- 

.53 
1.00 
1-57  
1.61 
1.67 
1.63 
1.48 
1*22 

82 
29 

.47- 
1.16- 
1.98- 
2.77- 
3.45- 
4.00- 
4.49- 
5.02- 
5.65- 
6.38- 
7.24- 
8.26- 
9.48- 

10.91- 
12.33- 
13.53- 
1-4.49 - 
15.14- 
15.35- 
15.08- 
14.43- 
13.49- 
12.46- 
11.50- 
10.61- 
9.76- 
8.90- 
8.08- 
7 - 31- 
6.52- 
5.1~6- 
3.94- 

DENSITY 
deviation 

( Z )  

5.73- 
6.12- 
6.08- 
6.24- 
6.37- 
6.47- 
6.53- 
6.75- 
7.01- 
7.21- 
7.33- 
7.39- 
7.49- 
7.53- 
7.48- 
7.35- 
6.36- 
4.72- 
3.50- 
2.33- 
1.19- 

.52 
1.68 
2.45 
3.15 
3.86 
4.49 
5.00 
5.40 
5.24 
4.20 
2.86 
1.16 

-39- 
.97- 
.89- 
.90- 

1.00- 
.97- 
.83- 
.87- 

1.11.- 
4.13- 
6.87- 
9.35- 

12.45- 
15.44- 
17.91- 
13. 80- 
19.27- 
17.82- 
16.37- 
15.22- 
14.36- 
13. 52- 
12.36- 
11.23- 
11.00- 
12.46- 
15.42- 



FIGURE 37 
NATAL, DEC. 18, 1967 1300 GMT. 
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m/sec 
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9 
A 
-zL 

r 
L..J 
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TEMPERATURE 
degrees Kelvin 

ERROR 
degrees Kelvin (_ t )  

HEIGHT 
meters 

WIND COMPONENTS 
m/sec 

HEIGHT SOUTH BEST 
meters component (+ ) component (4 ) 

LEGEND 

5rn/sec 50 rn/sec 

or less 

DIRECTION OF 
\ 10 rn/sec NORTH WIND 



IIEIGIST 
meters 

PRESSURE 
nt/sq meter 

DENSITY TEFa'aTURE 
kg/cu meter degrees Kelvj 

PXESSURE 
:n deviation 

( 5 % )  

2.30- 
2.12- 
1.93- 
1.89- 
1.79- 
1.71.- 
1.63- 
1.56- 
1.52- 
1.52- 
1.57- 
1.66- 
1.83- 
2.12- 
2.44- 
2.79- 
3.1.3- 
3.43- 
3.66- 
3.81- 
3.91- 
4.01- 
4.10- 
4.20- 
4.33- 
4.50- 
4.73- 
5.03- 
5.33- 
5.58- 
5.73- 
5.75- 
5.62- 
5.32- 
4.78- 
3.99- 
2.95- 
1.79- 
.67- 
.38 
1.38 
2-33 
3.23 
4.06 
4.92 
6.01 
7.26 
8.48 
9.71 
11.01 
12.40 
13.95 
15.78 
17.78 
19-69 
21.35 
22.45 
22.70 

DENSIm 
deviation 

($1 

3.60- 
2.85- 
2.51- 
2.35- 
2.20- 
2.06- 
1.93- 
1.81- 
1.41- 
1.05- 
.75- 
.48- 
.28 
.61 
.53 
.38 
.32- 
.S9- 
1.99- 
2.65- 
2.86- 
3.06- 
3.19- 
3.03- 
2.91- 
2.82- 
2.47- 
2.46- 
2.90- 
3.81- 
4.90- 
5.87- 
6.72- 
7.95- 
8.96- 
9.76- 
10.33- 
8.78- 
7.23- 
5.69- 
4.19- 
2.84- 
1.50- 
-20- 
.15 
.64- 
.84 
2.29 
3.11 
3.97 
4.88 
5.08 
5.39 
7.01 
10.23 
13.37 
19.01 
24.05 



GURE 38 
NATAL, DEC. 19, 1967 0100 GMT. 

WIND DIRECTION 
degrees 

WIND SPEED 
m/sec 

TEMPERATURE ( O K )  

ERROR 
m/sec (+) 

4.08 
6.69 
7.97 
7.30 
7.63 
14.43 
17.25 
15.72 
13.60 
6.32 
8.73 
37.51 
31.69 
24.36 
15.39 
17.88 
31-07 
27.94 

Y 
WIND 
(MPS) 

TEMPERATURE ERROR 
degrees Kelvin degrees Kelvin ( 2 )  

HEIGHT 
meters 

WIND COMPONENTS 
m/sec 

SOUTH 
component (+ ) 

LEGEND 

HEIGIIT 
meters 

WEST 
component (+ ) 

r 5 m/sec 50 m /sec 
or less 

DIRECTION OF 
\ I O ~ / S ~ C  NORTH WIND 



HEIGHT 
meters 

pmsswa 
nt/sq meter 

DENS STY 
lrg/cu meter 

TZMPERATURE PPISSURE 
degrees Kelvin deviation 

($) 

237.53 .34- 
238.40 .30- 
240.74 .52- 
244.41 .44- 
248.07 .30- 
251.74 .21- 
255.40 .08- 
259.06 .08 
259.52 .22 
259.16 .22 
258.80 SO7 
278.411. -23- 
258.30 .68- 
258.38 1.22- 
258.47 1.77- 
258.56 2.31- 
258.54 2.85- 
258.52 3.38- 
258.49 3.90- 
259.26 4.32- 
261.27 4.58- 
265.28 4.65- 
265.29 4.55- 
261.29 4.39- 
257.09 4.34- 
252.88 4.39- 
249.78 4.54- 
247.30 4.71- 
244.82 4.84- 
241.36 4.91- 
276.39 5.01- 
231.43 5.1.7- 
226.47 5.40- 
224.49 5.61- 
223.52 5.6'7- 
222.55 5.54- 
221.57 5.23- 
221.78 4.66- 
222.48 3.79- 
223.1.8 2.56- 
223.89 .97- 
220.59 .a0 
216.40 2.86 
212.21 4.93 
207.85 7.1.0 
201.10 9.26 
194.314 11.. 05 
187.58 12-21  
184.72 12.88 
186.16 13.47 
187.60 14.22 
187.08 3-5-07 
186.32 15.89 
186.02 1.6. 61. 
189.64 17.48 
193.25 18. '76 
193.80 20.09 
192.53 21.04 
189.32 21.. 40 
1.82. M 20.85 

DENSITY 
deviation 

(7;) 

.76- 

.07 

.21 

.17- 

.4.9 - 

.76- 

.97- 
1.13- 
.so- 

1. 09 
2.14 
3.04 
3.70 
3.46 
2.85 
2.25 
1.. 70 
1.15 

.20 
1.25- 
2.99- 
4.52- 
5.85- 
4.98- 
4.09- 
3.30- 
2.99- 
3.26- 
3.9'4- 
11. ,1.8- 
3.85- 
3.55- 
3.32- 
4.33- 
5.62- 
6.75- 
7.70- 
8.92- 

10.06- 
10.91- 
11.. 48- 
10.25- 
8.56- 
6.80- 
4.92- 
1.84- 
3.26 
8.11 

10.37 
10.1.2 
9.98 

10.64 
12.01. 
13.25 
11.91 



FIGURE 39 
NATAL, DEC. 19, 1967 1310 GMT. 
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67.26 
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log. 80 

ERROR 
m/sec (+_) 

3.84 
5.37 
6.30 
9.31 

1.4.84 
15.30 
6.73 

10.10 
4.61 

12.42 
16.50 
12.09 
18.43 
24.63 
27.32 
26.32 
28.39 
17.64 

TEMPERAEJla 
degrees Kelvin 

HEIGHT 
meters 

ERROR 
degrees Kelvin (+) 

WIND COMPONENTS 
m/sec 

s o m  
component (+ ) 

LEGEND 

HEIGHT 
meters 

35485.64 
410~5.74 
45165.45 
48610.00 
51759.60 
55230.95 
58415.64 
61503.04 
64986.04 
68838.64 
72526.64 
76067.74 
79457.95 
82285.07 
84576.04 
86831.50 
88777.59 
90781.74 

VEST 
component (i- ) 

L 5 m/sec k 50 m/sec 
or less 

DIRECTION OF 
\ I O ~ / S ~ C  NORTH WIND 



PIEIGHT 
meters 

PRESSURE 
nt/sq meter 

DENSITY !FEMFGRATURE 
kg/cu meter degrees ICelvin 

PRESSURE 
devia-Lion 

( 3  1 

1.50- 
1.. Oh- 
.81- 
.TI.- 
. 64- 
.55- 
.44- 
.j2- 
.1.8- 
.Oh- 
.03 
09 

DRIVS ITY 
deviation 

( '7; ) 

4.99- 
3.20- 
1.. 58- 
.813 - 
.94- 
.99- 
1.91- 
1.02- 
1.01- 
.63- 
- 2 3 -  
.02 
-29 
.97 
1.64 
1.55 
1.27 
1.22 
1.16 
1.08 
.79 
.22 
.30- 
-50- 
.60- 
.70- 
-13- . B4 
1.69 
1.2U 
.39- 

1.. 92- 
3.23- 
4.54- 
5.64- 
6.59- 
7.32- 
7.55- 
7.6U- 
7.71- 
6.79- 
4.88- 
3.06- 
1.32- 
3.29- 
5.09- 
6.45- 
7.05- 
5.15- 
3.18- 
.29 
4.40 
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