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Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein.
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INTRODUCTION

In response to a request from Ballistic Missile Defense Advanced Tech-
nology Center (BMDATC), a program to measure the atmospheric parameters
of temperature and wind in real time was initiated at WSMR, New Mexico.
The requirement was to determine the feasibility of making the measure-
ments in near real time by using ballistic sphere techniques. Near
real time for this purpose is defined as collecting the required data
between 5 and 50 km altitude within 15 minutes of an initial command.
The ballistic sphere is a passive device deployed from a meteorological
rocket and tracked by a ground-based radar. Data are derived solely
from the radar position information recorded during sphere descent.

THE BALLISTIC SPHERE

For approximately 15 years inflatable spheres deployed from meteorologi-
cal rockets have been used to measure atmospheric winds and temperature
and to derive density and pressure between 30 and 90 km altitude., In 1972
the Meteorological Rocket Network [1,2] started a routine sounding program
at five locations using a l-m inflatable sphere deployed from a Super Loki
rocket system, Data accuracies vary from 2 percent rms between 30 and

80 km to 10 percent rms at 90 km altitude. Uncertainties are caused pri-
marily by radar noise and computer program filtering bias. The computer
program devised by the University of Dayton Research Institute (UDRI)
under contract to Air Force Geophysics Laboratories (AFGL) [3] (formerly
Air Force Cambridge Research Laboratories) uses equations of motion, an
initial assumption of temperature, measured drag values, radar data, and
hydrostatic equations to calculate the atmospheric parameters. The theory
and discussions of accuracies are covered in the cited reference. The
simplified equations used in the computations are as follows:

Density

zm(gz-'z‘)
RES CRAVE (I =wl)
d z

L] -
where m = mass of sphere, By = gravity (vertical) z, z = vertical velocity

and acceleration of sphere, C, = drag coefficient, A = sphere cross sec-

d
tional area, V - velocity of sphere with respect to the atmosphere, and

W, = vertical wind velocity,

Wind
v . 8
(et Tl e
VA Z
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wx and wy are wind velocity in the X and Y directions and i, X, ;, and ;

are sphere velocity and acceleration in X and Y directions.

Pressure

2
Pi = Pi—l + 4_1 pgdz
i-1

NOTE: An initial pressure PO is computed from an initial temperature

estimate by using the equation

PO . TOpO

=z

a

where R is universal gas constant; Ma is molecular wt of air.

Temperature
T = PMa 1
Rp

For the BMDATC requirement a new set of sphere criteria had to be devised.
The sphere size had to be on the order of 0,1-m diameter so that it would
fit into an existing rocket. The mass and diameter had to be calculated
for proper rate of fall. The relationship between Mach number, Reynolds
number, and drag coefficient had to fit the altitude region between 5 and
50 km, To achieve these goals, theoretical trajectories for several
spheres were computed, and a 0.1l-m, 0.100 kg candidate was selected (Table
1) as optimum,

Table 1 is broken into five sections. Section 1 lists the altitudes at
which the sphere has vertical accelerations of -7 and -3 msec™?, the alti-
tude band of vertical velocities greater than Mach 1, and the altitude at
which the Reynolds number exceeds 2 x 10°, It is at this point that air
flow around the sphere becomes turbulent., Derived thermodynamic data is
degraded. Section 2 tabulates time of fall in various regions of the
trajectory. Section 3 is a computation of temperature errors caused by
assumed vertical motion of the atmosphere. Section 4 describes one-sigma
errors of temperature at various altitudes caused by radar noise. Section
5 lists the theoretical temperature biases errors at 55, 50, and 45 km.

FLIGHT TESTS

Two sphere sizes were used during this program: a 0.12 m and a 0.1 m.
The former was utilized because it was readily available, while the
smaller sphere had to be fabricated to order. Fortunately, a larger




TABLE 1

COMPUTED TRAJECTORY CHARACTERISTICS
OF 0.1-m SPHERE DEPLOYED AT 80 km ALTITUDE

WOgram . o 0 150 gram 200 gram L
1. Alt for z = =7 m/s? 63.73 km 61.38 kn 59.93 km
Alt for z = =3 m/s* 56,94 km 54,75 km 53.23 km
Alt band for 36,89 km 34.15 km 32,16 km
Mach No. >1 78,62 km 78.62 km 78.62 km
Alt for tutbulegt flow <100 m 2.43 km 4.1 km
Re No, > 2 x 10°
2, Time of fall 50 to 20 km 2 min 23 s 1 min 58 s 1 min 43 s
Time of fall 50 to 10 km 5 min 38 s 4 min 41 s 4 min 8 s
Time of fall apogee to 4 km 10 min 0 s 8 min 33 s 7 min 44 s
Time of fall 50 km to 9 min 33 s 7 min 57 s 6 min 21 s
Re No, > 2 x 10°
p error at 50 km for 1.851°K 1.710°K 1.644°K
tical wind of 2 m/s
rom AW, = 1 m/s at 40 km 1.268°K 1.013°K 0.915°K
m AW, = .5 m/s at 30 km 1.189°K 0.971°K 0.877°K
5T from AWZ = .1 m/s at 20 km 0.555°K 0.459°K 0.396°K
AT from sz = .1 m/s at 10 km 1.186°K 1.003°K 0.701°K
4, Estimated temp error due
to radar noise
'T 55 km 1.4478°K 1.937°K 2.307°K
50 km 0.9917°K 1.180°K 1.267°K
‘p 40 km 0.8611°K 0.715°K 0.676°K
T 30 km 1.4375°%K 1.247°K 1.129°K
oy 20 km 2.9672°K 2.490°K 2.185°K
Tp 10 km 6.0480°K 5.146°K 4,644°K
5. Temperature 7.96°K at 55 km 9.29°K at 55 km
bias error 5.41°K at 50 km 6.75°K at 50 km
estimation 2.64°K at 45 km 2,07°K at 40 km
5
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rocket, the XM75 [4], was available at the beginning of the tests, and
no program delays were encountered.

The sphere was made of two-piece thin-wall spun aluminum, welded at the
equator. It was mounted on a lathe and turned in two directions to give
a final diameter tolerance of +,13 mm and a medium polished surface smooth-
ness. Two molded plastic pieces were placed fore and aft of the sphere,

- and the assembly with appropriate spacers was loaded into the rocket *

' (Fig. 1). The rocket was launched at a quadrant elevation of 80° and
reached altitudes of 60-70 km (Fig. 2). At that point a 110-second

{ pyrotechnic delay detonated a small explosive charge and the sphere was

ejected into the atmosphere. Radars acquired the sphere and tracked its

descent to impact 11 to 13 minutes later. Rate of fall reached 500 m/sec
at 55 km (Fig. 3).

Severe radar acquisition problems were encountered on almost every mis-
sion. The number of pieces ejected at expulsion varied from three to
four depending on the assembly configuration, and proper identification
of the sphere was difficult. The FPS-~16 and MPS-36 radars at WSMR did
not have discrimination capability, and operation judgment was the only
source of target selection available. Many variations of assembly tech-
niques, multiple radar assignments, and multiple target assignments were
tried, but acquisition of the sphere remained a problem throughout the
program. A number of spheres were flown where little or no data were
recorded. This problem should be virtually eliminated when discrimina-
tion radars are used.

RADAR ERRORS

E On 8 December 1975, three ballistic spheres of approximately 135 g mass
‘ and 0.12 m diameter were launched. The three launches were tracked by
four radars: three FPS-16 and one MPS-36 radar. The FPS-16 radars are b

designated by the numbers, R112, R113, and R114; and the MPS-36 is R354.

Radar tracking accuracies were calculated from the 8 December flights

’ where four radars were used to simultaneously track each sphere. The
standard deviation of the error in range was estimated by differencing
the ranges from two radars. Assuming that the radar errors are indepen-
dent and of equal variance, the standard deviation of the difference
between range values divided by the square root of 2 is an estimate of
the one-sigma slant range error for each radar. Table 2 shows the one-
sigma error in range, azimuth, and elevation using various combinations
of the radars. From this table, the following conclusions can be made.
The FPS-16 radars performed as expected with regard to slant range track-
ing errors of 3 to 6 m. However, the azimuth and elevation errors are
three to four times as large as observed in tracks of larger 1-m spheres
[3]. The MPS=36 radar exhibits somewhat larger tracking errors than the
FPS-16 radar, Nevertheless as will be seen later, the 1fPS-36 radar is of
sufficient quality to provide reasonable accuracy in temperature and wind
measurements from the ballistic sphere., The significantly higher errors

LIRS A 53
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TABLE 2
NOISE LISTED IN ORDER OF: ‘R(m). JE(mSls), uA(mus)

Starting Altitudes

Flight and Radars 60 km 50 km 40 km 30 km 201 B 15 km 10 km
Flight Q22 76,10 4.69 3.59 4.08 2,46 2.17

\ R112 4.682 $442 . 388 . 334 2276 .301
Radars !

{ R354 A 1,462 #5325 323 <458 £ 343 .279 »299
Q22 11.22 4,68 4T3 4450 3,44 3.76 3.54
R113 1.188 « 364 «359 +312 «265 236 256
R114 4550 «369 495 +375 «361 «273 .286
Q22 11.81 4,78 4,35 4.86 3,45 3.35 3.17
R112 1.596 433 375 «351 a1 .312 «223
R114 628 L451 L423 . 548 . 380 .388 .363
Q22 75.31 3.92 3.47 4,23 3.69 3.19 3.03
R114 5.212 2407 472 » 327 .349 .392 «310
R354 1.492 . 347 333 . 380 321 272 .321
Q23 6.45 6.16 4,10 3.57 3.54 3.70 3.53
R112 JA4l JAb4 327 «367 «287 «295 #235
R113 654 777 .489 .318 .338 .384 .319
Q23 1. 84 7417 4425 4,24 3.49 3oL 3.84
R113 <308 J4h5 .378 «343 <278 .307 «222
R114 .510 1.151 o475 <331 . 264 «298 .333
Q23 4.90 4461 3.64 4.52 3,44 3.44 3.49
R354 «502 <296 597 +392 <324 «323 +250
R114 o547 «553 .287 377 -329 «325 .298
Q23 He26 6429 4,36 4.29 3399 3.97 4,10
R112 479 «433 408 +408 378 340 .258
R114 «849 1.192 441 439 J4l6 402 397
Q23 5.74 §.43 3551 3.99 3.38 3.02 2,87
R112 467 R . 480 <387 269 201 <266
R354 « 766 1.148 393 L440 <367 «320 .293

|
Q24 22.90 5.16 464 4,37 3.63 3.80 3.12 4
R113 487 L425 L403 . 366 . 305 <324 .298
R1l1l4 .969 482 . 501 <386 JA14 «335 .192
Q24 25,50 5.51 5+17 4.67 4.04 3:75 3.46
R112 «582 «355 374 +381 .378 «291 .198
R113 897 +556 470 . 340 +330 «323 <218
10




in azimuth and elevation found in the FPS-16 tracks of the smaller bal-
listic spheres required a considerably larger smoothing irterval to be
used in the data processing than for reduction of 1-m sphere data. Thus
the computer program previously used for the 1-m inflatable sphere was
completely revised, and a new concept of data treatment was devised which
reduced program biases.

DATA REDUCTION

The Ballistic Sphere Data Reduction Program (BSDRP) uses radar input of
slant range, azimuth, and elevation angles at time increments of 1/10 of

a second to produce atmospheric measurements of winds, temperature, den-
sity, and pressure for that region of the atmosphere between approximately
2 and 50 km. It was designed to be used either on a real-time computer
system or with batch processing. When used on a real-time computational
system, output should lag radar computer input by less than 1 minute.

Scme of the features of the program are as follows: The program employs
quadratic smoothing to obtain the velocities and accelerations needed to
solve the equations of motion and obtain atmospheric measurements. The
number of data points used in the quadratic smoothing is an input param-
eter of the program and can be varied at the discretion of the user, de-
pending on size and mass of the sphere. For applications of the 0.12-m,
135-g ballistic spheres with tracking by an FPS-16 radar, 63 data points
were used in the data procescing, The BSDRP also provides the option to
effectively increase the smoothing interval at two specified altitudes by
successively doubling the time interval. This is achieved by averaging
consecutive data pointse. Thus, the number of data points used in the
smoothing remains the same throughout the flight, but the time spacing
between data points increases by a factor of 2 each time the smoothing
interval is doubled. In the case of the 0,12-m ballistic sphere with
FPS-16 radar tracking, the smoothing interval was expanded at 25 km and
10 km to maintain a noise error in temperature of less than 2 degrees over
the entire altitude range,

Another feature of the ballistic sphere program is the removal of bias
errors resulting from smoothing. This removal was achieved as follows.
The initial position and velocity of the ballistic sphere was calcu-
lated from the radar data shortly after apogee. From these initial con-
ditions a theoretical sphere trajectory was generated by assuming the
sphere fell in the 1962 Standard Atmosphere with no winds present. This
theoretical profile was then treated as if it represented radar coordi-
nates. The N-point quadratic smoothing was used to generate atmospheric
parameters of winds, temperature, density and pressure. Any differences
between the computed parameters and the 1962 Standard Atmosphere values
represented bias in the measurements due to smoothing. These differences
in density, temperature, and winds were stored in a bias correction array.

Bias errors in pressure were not stored since using the ideal gas law, pres-

sure can be determined directly from temperature and density measurements.
After generation of the bias correction table, processing of the radar

11




data continued. Radar data were processed by the ballistic sphere pro-
gram to provide calculations of winds, density, temperature, and pressure
at time increments of 1 second (two seconds after the smoothing interval
was expanded). Corrections were then applied to this biased data by
determining from the bias correction table the proper correction for the
specified altitude. Subtraction of this bias from the BSDRP calculation
provided an unbiased estimate of the atmospheric parameters.

Another feature of this program is its ability to remove the often ob-
served unreal temperature perturbation when a sphere penetrates Mach 1.
This fictitious oscillation results from an inability to accurately cal-
culate the drag coefficient as it passes through Mach 1. The bias error
correction technique employed in this program effectively removes this
oscillation.

The program also provides an estimate of the noise errors in the computed
values of winds, temperature, density, and pressure by assuming indepen-
dent radar errors in range of 5 m and in azimuth and elevation of 0.4 mil.
These radar error estimates were obtained by differencing coordinates
from dual FPS-16 radar tracks of the 0.12 m ballistic spheres.

The BSDRP ballistic sphere program was designed for use with the CDC 6600
computer but was adapted to the Univac 1108 computer at WSMR. During
flight tests, radar data were transmitted to a central recording facility
and recorded on a packed magnetic tape. Tapes were then used with the
computer program to produce a data list. Delayed time processing of
15-20 minutes from launch time was successfully accomplished.

With each firing, or set of firings, a conjunctive radiosonde (RAOB) and
rocketsonde (ROCOB) observation was made. The radiosonde ascended on a
balloon and measured temperature, pressure, and winds between the surface
and 30 km. The rocketsonde descended on a parachute and measured temper-
ature and winds between 65 km and 25 km., Comparisons were then made be-
tween data collected from the ballistic sphere and the independent tech-
niques. Comparisons were also made between the various radars tracking
the same sphere. Because of operational constraints a time and space
variation existed between the conjunctive measurements and spheres which
could account for part of the observed differences. Rocketsonde and ra-
diosonde temperature accuracies are typically #2°C rms [2].

Generally, the temperature data from ballistic spheres appeared to be
valid between 5 km and about 42 km altitude. Above 42 km, the data de-
viates significantly from the rocketsonde chservation. This deviation
may have been caused by excessive radar noise or magnus forces induced by
the spinning sphere. Below 5 km, the sphere entercd drag crisis where
the drag coefficient changed rapidly with very Jittlc change in Reynolds
number [5].

12
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ANALYSIS OF FLIGHTS

Figure 4 is typical of data collected from a 0,120 m sphere. On this
mission, launched on 8 December 1975, four radars tracked the sphere
simultaneously. Differences in data, therefore, are directly attrib-
utable to individual radar errors. There is generally excellent agree-
ment between 4 and 20 km altitude. Between 20 and 35 km, the temperature
values differ by up to 7°K with the greatest difference coming from the
MPS-36. Above 35 km, there is a gradual divergence up to about 10°K at
50 km. Radars 112 and 114 show excellent agreement over the entire range
from 4 to 42 km. Above 50 km, the data is not usable. The difference
between temperatures derived from the various radars may, in addition to
inherent radar capability, be largely influenced by the servobandwidth of
the radar. Tracking at a low servobandwidth can produce the type of os-
cillation observed in radars R113 and R354.

Figure 5 compares radar 114 with data collected from conjunctive rocket-
sonde and radiosonde on the same day. Two distinct biases appear, one
at 24 km (10°K) and the other at 35 km (5°K). The data diverge signif-
icantly above 42 km and probably reflect the upper limit of this bal-
listic sphere measurement system,

Figure 6 compares the temperature data derived from five radars tracking
a single 0.l1-m sphere launched on 7 October 1976. There is excellent
agreement between 4 and 25 km, then differences of up to 10°K between 30
and 35 km, and up to 7°K between 35 and 42 km., Figure 7 is a temperature
comparison between the sphere and the ROCOB/RAOB measurements. One radar
was selected as representative. Again, the biases appear at 25 and 35 km.
At 25 km the sphere-derived temperature is warmer than the RAOB, and at

35 km the sphere is colder than the ROCOB.

Table 3 lists the observed differences between ROCOB/RAOB and the averaged
temperature data from 10 radar tracks of 0.120-m spheres. The biases are
quite apparent at 25 and 35 km, with an observed divergence above 42 km,
Otherwise, temperature differences are generally within *2°K.

Table 4 lists the observed temperature difference between ROCOB/RAOB and
the averaged data from 10 radar tracks of 0.l-m spheres. The biases at
25 and 35 km are still evident in approximately the same magnitude and
direction. The biases may result from inaccuracies in drag coefficient
data, magnus effects induced by the spinning sphere, or possibly other
factors, Figure 8 graphically illustrates the statistical differences
between spheres and ROCOB/RAOB for both the 0.l1- and 0.12-m spheres.

As previously stated, the ROCOB and RAOB data differences are given as
+2°K rms., Table 5 lists and Fig. 9 illustrates temperature data collected
from four radiosondes flown on 7 October 1976. Release times varied from
0705 to 1030 Mountain Standard Time. Maximum differences occur at 15 to
17 km, with a magnitude of 6°C between the 0730 and 1030 releases.

13
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TABLE 3

TEMPERATURE DIFFERENCE, ROCOB AND RAOB MINUS 0.12-METER SPHERE

Std Dev (°K)

Diff (°K)

Alt=km

-17.4
-18.3

50
49
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TABLE 5 j
RADIOSONDE TEMPERATURE TEST, 7 Oct 76

WS~0100; WS=0705; HOL-0715; JAL-0740; JAL-1030 MST

Alt~km WS HOL JAL JAL
(°K) (°K) (°K) (°K)

v 1.524 281,2 281.0 279.9 281.8
3.048 272.0 2702 270.6 270.0
4.572 268.8 2657 264.5 264.3
6.096 258.5 257.8 259.3 259.1
7.620 250.4 248.1 249.3 249.3
9.144 239.1 237.2 238.1 239.3
10. 668 20552 2254k 925.5 227
12,192 214.4 214:.3 213.8 215, 1
13.716 209.9 209.3 209.8 201.5
15.240 205.6 205.4 209.8 211.9
16.764 2125 21242 206. 3 206.9
18.288 2123, 212.3 210.4 212.4
19.812 216.2 216.1 217.4 214.7
21.336 217.4 214.3 215.6 217.9
22.860 999. 0% 220.2 220.8 219.2
24.384 999.0 222.0 2025 999.0
25.908 999.0 223.6 223.4 999.0
27.432 999.0 224.8 224.1 999.0
28.956 4999.0 225.6 226.3 999.0

*999 dgenotes missing data

N e
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These data are presented only to illustrate a pitfall in comparing two
sets of measurements. The natural time and space variability of the at-
mosphere in addition to nominal system accuracies must be considered.

Figures 10 and 11 show wind speed and direction versus altitude for a
0.12-m sphere flown on 8 December 1975, Data are from two FPS~16 radars
and from ROCOB and RAOB. Between 4 and 27 km, the wind speed agreement
between the two systems is excellent with differences of only a few meters
per second in evidence. Light winds, less than 10 m/sec, were observed
only between 17 and 28 km. Between 28 and 40 km, the sphere indicated
winds from 5 to 10 m/sec greater than ROCOB/RAOB. The profiles converge
at about 40 km and are in good agreement up to 46 km. The data from the
two radars is almost identical throughout the entire profile.

Wind direction compares favorably between ROCOB/RAOB and sphere. Points
of large variability appear only under light wind conditions. Differences
of up to 60° appear at 28 km where the corresponding winds are less than
10 m/sec.

Figures 12 and 13 illustrate wind speed and direction comparisons for a
0.1-m sphere. As in the previous wind profiles, data are taken from two
radar tracks of a single sphere and from the conjunctive ROCOB and RAOB.
In this case the wind speed is less than 10 m/sec between 18 and 40 km.
The corresponding direction graph shows a wide scatter of data. Below
18 and above 40 km, where wind speeds are greater than 10 m/sec, the
agreement is generally within 10°.

CONCLUSIONS

The 0.1- or 0.120-m ballistic sphere is a relatively accurate method for
the purpose needed of deriving the acmouspheric parameters of wind and
temperature between 4 and 42 km altitude. Below 4 km, turbulent flow
conditions for the sphere prevent the measurement of temperature. Above
42 km, inaccurate radar tracking or tracking at a low servobandwidth
prevents accurate temperature and wind measurement. Between 4 and 42 km,
temperatures compare favorably with conjunct ive radiosondes and rocket-
sondes with apparent biases occurring at 25 and 35 km. Winds are compa-
rable at all altitudes in both speed and direction except under light wind
conditions when wind d7r2ction is inaccurate. The technique should be
applicable to users req “ring fast, real-:time measurement of the atmo-~
sphere., The bias may .suit from inaccuracies in drag coefficient data,
magnus force effects on the spinning sphere, ¢ - other factors. Additional
studies will be required to determine if the biases can be successfully
removed.

23

e e




*1923oWEIp Ul W Z1°Q ST 21oydg

°GL 09Q 8 U0 gOWVN/4000d pue 2loids uosemionq paads purm jo uostaedwo)

Bhi
gel
azi
ail

TN
O——

*po1301d 2@ $ITY PUB ZITH WOy eIR(

S5/H d433dS dANIM

o~

U ——




W W W N N n N N - - — -— -— m m &L nJ
L n = m 2} W = N w m m e nJ = = =~ = =
& & 8 & = 8 ™ 5 b 8 B 08 ﬂ »
»
-: 9330--NO1L0381Q ONINM %L
A i
4
* B
3 L
4 ﬂ mT.
» P
g "
2% »
# 2
: g B*, +
» w
* ae
21§+
hill ¥4 @
g0dy Y 80008 *
2h
#*
#*
* WJ-L4Td
.. 8s
——-—




*pajioqd

qli
4
208y Y 80

tya
18 +
08 #

91k SIepel oMl wWouly ele( ‘gL 300 [ uo gOVE/4000Y puv ;\T:T_;. W=1*) uasmiaq uostavdwon pa yds purM *Z71 2@ans
— -— -— —_ —_ w m ~ m () L ) n e
£ W n -— = > = = s = = rs = =
= = -] L = B
g »
s &
S/W @33dS ONIN In . *
' ar 1
@ *
g »
'
%
B -
B |

26

A

~

> 2
P .."_‘(

VoA,

i

»

-




‘¢1 2andyy

epoiropd oae w11y PUBR ZTT¥ WOl eIed  *OVN/M0D0% Puvr viep a1ayds uaamionq UOTIDAITP Puim jo uostaedwor
4 8§ 8 ¥ ¥ ¥ ¥ gz £ g % 8 & ¥
& = s ~ = = n = = % = =
*
930--NO1LD3¥14 aNIN
ar

2
»
.
ufu
I,
%, g
gz

* [ ] -
2 » !wn
L -
% a w 8
+. '8 . 1
e * !
2 4 BE -
* "} +
:&+ e »
- + 8
B, * M
! gt
~ % a + i
; < % Bh
+ al 4 5
I
g
s Wi-174
L a2 5
06y ¥ BOOON #

2




REFERENCES

1. "Federal Meteorological Handbook No. 10, Rocketsonde Observations,"
National Aeronautics and Space Administration, US Dept of Commerce, US
Dept of Defense, Jul 75 (available from Supt of Documents, USGPO, Wash-
ington, DC 20402).

2. "The Meteorological Rocket Network,'" Inter Range Instrumentation

Group, Meteorological Working Group, Doc 111-64, Secretariat, Range Com-
manders Council, WSMR, NM.

3. Luers, James K., "A Method of Computing Winds, Density, Temperature,
Pressure, and Their Associated Errors from the High Altitude Robin Sphere
using an Optimum Filter," University of Dayton Research Institute, Jul 70.

4, Kennedy, Bruce W., and Delbert Bynum, ''Army User Test Program for
the RDT&E-XM-75 Meteorological Rocket," US Army Atmospheric Sciences
Laboratory, WSMR, NM, Apr 76.

5. Johnson, S. G., "Application of Falling Sphere Technique to Artillery
Meteorological System,'" Australian Defence Scientific Service Weapons
Research Establishment, WRE Report 1665(WR&D), Salisbury, South Australia,
Sep 76.




it sty e

DISTRIBUTION LIST

Director Commander

US Army Ballistic Research Laboratory US Army Aviation Cen.er
ATTN: DRDAR-BLB, Dr. G. E. Keller ATTN: ATZQ-D-MA
Aberdeen Proving Ground, MD 21005 Fort Rucker, AL 36362

Air Force Weapons Laboratory
ATTN: Technical Library (SUL)
Kirtland AFB, NM 87117

Commander

Headquarters, Fort Huachuca
ATTN: Tech Ref Div

Fort Huachuca, AZ 85613

6585 TG/WE
Holloman AFB, NM 88330

Commandant

US Army Field Artillery School
ATTN: Morris Swett Tech Library
Fort Sil11, OK 73503

Commandant

USAFAS

ATTN: ATSF-CD-MT (Mr. Farmer)
Fort Si11, <K 73503

Director

US Army Engr Waterways Exper Sta
ATTN: Library Branch

Vicksburg, MS 39180

Commander

US Army Electronics Command
ATTN: DRSEL-CT-S (Dr. Swingle)
Fort Monmouth, NJ 07703

03

CPT Hugh Albers, Exec Sec
Interdept Committee on Atmos Sci
Fed Council for Sci & Tech
National Sci Foundation
Washington, DC 20550

Inge Dirmhirn, Professor
Utah State University, UMC 48
Logan, UT 84322

HQDA (DAEN-RDM/Dr. De Percin)
Forrestal Bldg
Washington, NC 20314

C0, USA Foreign Sci & Tech Center
ATTN: DRXST-ISI

220 7th Street, NE
Charlottesville, VA 22901

Director

USAE Waterways Experiment Station
ATTN: Library

PO Box 631

Vicksburg, MS 32180

US Army Research Office

ATTN: DRXRO-IP

PO Box 12211

Research Triangle Park, NC 27709

Mr. William A. Main
USDA Forest Service
1407 S. Harrison Road
East Lansing, MI 48823

Library-R-51-Tech Reports
Environmental Research Labs
NOAA

Boulder, CO 80302

Commander

US Army Dugway Proving Ground
ATTN: MT-S

Dugway, UT 84022

HQ, ESD/DRI/S-22
Hanscom AFB
MA 01731

Head, Atmospheric Rsch Section
National Science Foundation
1800 G. Street, NW

wWashington, DC 20550

Office, Asst Sec Army (R&D)
ATTN: Dep for Science & Tech
HO, Department of the Army
Washington, DC 20310




Commander

US Army Satellite Comm Agc
ATTN: DRCPM-SC-3

Fort Monmouth, NJ 07703

Sylvania Elec Sys Western Div
ATTN: Technical Reports Library
PO Box 205

Mountain View. CA 94040

William Peterson

Research Association

Utah State University, UNC 48
Logan, UT 84322

Defense Communications Agency
Technical Library Center

Code 205

Washington, DC 20305

Dr. A. D. Belmont
Research Division

PO Box 1249

Control Data Corp
Minneapolis, MN 55440

Commander

US Army Electronics Command
ATTN: DRSEL-WL-D1

Fort Monmouth, NJ 07703

Commander
ATTN: DRSEL-VL-D
Fort Monmouth, NJ 07703

Meteorologist in Charge
Kwajalein Missile Range
PO Box 67

APO

San Francisco, CA 96555

The Library of Congress
ATTN: Exchange & Gift Div
Washington, DC 20540

2

US Army Liaison Office
MIT-Lincoln Lab, Library A-082
PO Box 73

Lexington, MA 02173

Dir National Security Agency
ATTN: TDL (C513)
Fort George G. Meade, MD 20755

Director, ,Systems R&D Service
Federal Aviation Administration
ATTN: ARD-54

2100 Second Street, SW
Washington, DC 20590

Commander

US Army Missile Command
ATTN: DRSMI-RRA, Bldg 7770
Redstone Arsenal, AL 35809

Dir of Dev & Engr
Defense Systems Div
ATTN: SAREA-DE-DDR
H. Tannenbaum
Edgewood Arsenal, APG, MD 21010

Naval Surface Weapons Center
Technical Library & Information
Services Division

White Oak, Silver Spring, MD
20910

Dr. Frank D. Eaton

PO Box 3038

Universtiy Station
Laramie, Wyoming 82071

Rome Air Development Center

ATTN: Documents Library

TILD (Bette Smith)

Griffiss Air Force Base, NY 13441

National Weather Service

National Meteorological Center
World Weather Bldg - 5200 Auth Rd
ATTN: Mr. Quiroz

Washington, DC 20233

USAFETAC/CB (Stop 825)
Scott AFB
IL 62225

Director

Defense Nuclear Agency
ATTN: Tech Library
Washington, DC 20305




Director

Development Center MCDEC
ATTN: Firepower Division
Quantico, VA 22134

Environmental Protection Agency
Meteorology Laboratory

Research Triangle Park, NC
27711

Commander

US Army Electronics Command
ATTN: DRSEL-GG-TD

Fort Monmouth, NJ 07703

Commander

US Army Ballistic Rsch Labs
ATTN: DRXBR-IB

APG, MD 21005

Dir, US Naval Research Lab
Code 5530
Washington, DC 20375

Mil Assistant for
Environmental Sciences
DAD (E & LS), 3D129
The Pentagon
Washington, DC 20301

The Environmental Rsch
Institute of MI

ATTN: IRIA Library

PO Box 618

Ann Arbor, MI 48107

Armament Dev & Test Center
ADTC (DLOSL)
Eglin AFB, Florida 32542

Range Commanders Council
ATTN: Mr. Hixon

PMTC Code 3252

Pacific Missile Test Center
Point Mugu, CA 93042

Commander

Eustis Directorate

US Army Air Mobility R&D Lab
ATTN: Technical Library
Fort Eustis, VA 23604

Commander

Frankford Arsenal

ATTN: SARFA-FCD-0, Bldg 201-2
Bridge & Tarcony Sts
Philadelphia, PA 19137

Director, Naval Ocearfography and
Meteorology -
National Space Technology Laboratories
Bay St Louis, MS 39529

Commander

US Army Electronics Command
ATTN: DRSEL-CT-S

Fort Monmouth, NJ 07703

Commander

USA Cold Regions Test Center
ATTN: STECR-0P-PM

APQO Seattle 98733

Redstone Scientific Information Center
ATTN: DRDMI-TBD

US Army Missile Res & Dev Command
Redstone Arsenal, AL 35809

Commander
AFWL /WE
Kirtland AFB, NM 87117

Naval Surface Weapons Center
Code DT-22 (Ms. Greeley)
Dahlgren, VA 22448

Commander

Naval Ocean Systems Center
ATTN: Research Library
San Diego, CA 92152

Commander

US Army INSCOM

ATTN: TARDA-0S
Arlington Hall Station
Arlington, VA 22212

Commandant

US Army Field Artillery School
ATTN: ATSF-CF-R

Fort Sil11, OK 73503

.
’,
i
4,
-




e el e i i i

Commander and Director

US Army Engineer Topographic Labs
ETL-GS-AC

Fort Belvoir, VA 22060

Technical Processes Br-D823
NOAA, Lib & Info Serv Div
6009 Executive Blvd
Rockville, MD 20852

Commander

US Army Missile Research

and Development Command

ATTN: DRDMI-CGA, B. W. Fowler
Redstone Arsenal, AL 35809

Commanding Officer

US Army Armament Rsch & Dev Com
ATTN: DRDAR-TSS #59

Dover, NJ 07801

Air Force Cambridge Rsch Labs
ATTN: LCB (A. S. Carten, Jr.)
Hanscom AFB

Bedford, MA 01731

National Center for Atmos Res
NCAR Library

PO Box 3000

Boulder, CO 80307

Air Force Geophysics Laboratory
ATTN: LYD

Hanscom AFB

Bedford, MA 01731

Chief, Atmospheric Sciences Division
Code ES-81

NASA

Marshall Space Flight Center, AL 35812

Department of the Air Force
OL-C, SWW
Fort Monroe, VA 23651

Commander

US Army Missile Rsch & Dev Com
ATTN: DRDMI-TR

Redstone Arsenal, AL 35809

Meteorology Laboratory
AFGL/LY
Hanscom AFB, MA 01731

Director CFD

US Army Field Artillery School
ATTN: Met Division

Fort Sill, 0K 73503

Naval Wcapons Center (Code 3173)
ATTN: Dr. A. Shlanta
China Lake, CA 93555

Director

Atmospheric Physics & Chem Lab
Code R31, NOAA

Department of Commerce
Boulder, CO 80302

Department of the Air Force
5 WW/DN
Langley AFB, VA 23665

Commander

US Army Intelligence Center and School
ATTN: ATSI-CD-MD

Fort Huachuca, AZ 85613

Dr. John L. Walsh
Code 4109

Navy Research Lab
Washington, DC 20375

Director

US Army Armament Rsch & Dev Com
Chemical Systems Laboratory

ATTN: DRDAR-CLJ-I

Aberdeen Proving Ground, MD 21010

R. B. Girardo

Bureau of Reclamation

E&R Center, Code 1220

Denver Federal Center, Bldg 67
Denver, CO 80225

Commander

US Army Missile Command
ATTN: DRDMI-TEM

Redstone Arsenal, AL 35809




Commander

US Army Tropic Test Center
ATTN: STETC-MO (Tech Library)
APQ New York 09827

Commanding Officer

Naval Research Laboratory
Code 2627

Washington, DC 20375

Defense Documentation Center
ATTN: DDC-TCA

Cameron Station (Bldg 5)
Alexandria, Virginia 22314
12

Commander

US Army Test and Evaluation Command
ATTN: Technical Library

White Sands Missile Ranyge, NM 83007

US Army Nuclear Agency
ATTN: MONA-WE
Fort Belvoir, VA 22060

Commander

US Army Proving Ground
ATTN: Technical Library
Bldg 2100

Yuma, AZ 85364

0ffice, Asst Sec Army (R&D)
ATTN: Dep for Science & Tech
HQ, Department of the Army
Washington, DC 20310




1.

10.

11.

=

13.

14.

15.

16.

ATMOSPHERIC SCIENCES RESEARCH PAPERS

Lindberg, J.D., “An Improvement to a Method for Measuring the Absorption Coef-
ficient of Atmospheric Dust and other Strongly Absorbing Powders,
ECOM-5565, July 1975.

Avara, Elton, P.. “Mesoscale Wind Shears Derived from Thermal Winds,” ECOM-5566,
July 1975.

Gomez, Richard B., and Joseph H. Pierluissi, “Incomplete Gamma Function Approxi-
mation for King's Strong-Line Transmittance Model,”” ECOM-5567, July 1975.

Blanco, A.J.. and B.F. Engebos, “Ballistic Wind Weighting Functions for Tank
Projectiles,” ECOM-5568, August 1975.

Taylor, Fredrick J., Jack Smith, and Thomas H. Pries, “Crosswind Measurements
through Pattern Recognition Techniques,” ECOM-5569, July 1975.

Walters, D.L., “Crosswind Weighting Functions for Direct-Fire Projectiles,” ECOM-
5570, August 19735.

Duncan, Louis D., “An Improved Algorithm for the Iterated Minimal Information
Solution for Remote Sounding of Temperature,” ECOM-5571, August 1975.

Robbiani, Raymond L., “Tactical Field Demonstration of Mobile Weather Radar Set
AN /TPS-41 at Fort Rucker, Alabama,”™ ECOM-5572, August 1975.

Miers, B., G. Blackman, D. Langer, and N. Lorimier, **Analysis of SMS/GOES Film
Data,”” ECOM-5573, September 1975.

Manquero, Carlos, Louis Duncan, and Rufus Bruce, "“An Indication from Satellite
Measurements of Atmospheric CO2 Variability,” ECOM-5574, September
1995

Petracca, Carmine, and James D. Lindberg, “Installation and Operation of an Atmo-
spheric Particulate Collector,” ECOM-5575, September 1975,

Avara, Elton P.. and George Alexander, “Empirical Investigation of Three Iterative
Methods for Inverting the Radiative Transtfer Equation,” ECOM-5576,
October 1975.

Alexander, George D., A Digital Data Acquisition Interface for the SMS Direct
Readout  Ground Station — Concept and Preliminary Design,” ECOM-
5577, October 1975.

Cantor, Isracl, “Enhancement of Point Source Thermal Radiation Under Clouds in
a Nonattenuating Medium,” ECOM-5578, October 1975.

Norton, Celburn, and Glenn Hoidale, *“The Diurnal Variation of Mixing Height by
Month over White Sands Missile Range, N.M,” ECOM-5579, November 1975.

Avara, Elton P., “On the Spectrum Analysis of Binary Data,”” ECOM-5580, November
1975.

Taylor, Fredrick J.. Thomas H. Pries, and Chao-Huan Huang, *Optimal Wind Velocity
Estimation,” ECOM-5531, December 1975.

Avara, Elton P., “Some Effects of Autocorrelated and Cross-Correlated Noise on the
Analysis of Vanance, " ECOM-5582, December 1975.

Gillespie, Patti S.. R.L. Armstrong, and Kenneth O. White, *“The Spectral Character-
istics and Atmospheric CO2 Absorption of the Ho'* YLF Laser at 2.05um,”
ECOM-5583, December 1975,

Novlan, David J. “An Empirical Method of Forecasting Thunderstorms for the White
Sands Missile Range,” ECOM-5584, February 1976.

Avara, Elton P., “Randomization Effects in Hypothesis Testing with Autocorrelated
Noise,” ECOM-5585, February 1976.

Watkins, Wendell R., “Improvements in Long Path Absorption Cell Measurement,”
ECOM-5586, March 1976.

Thomas, Joe, George D. Alexander, and Marvin Dubbin, “SATTEL — An Army
Dedicated Meteorological Telemetry System,” ECOM-5587. March 1976.

Kennedy, Bruce W, and Delbert Bynum, “Army User Test Program for the RDT&E-
XM-75 Meteorological Rocket,” ECOM-5588, April 1976.




36.

45.

Barnett, Kenneth Moo\ Desceription ol the Artillery Meteorological Comparisons at
White Sands Missle Range. October 1974 - December 1974 ("PASS’ -
Prototype Artillery [ Meteorological] Subsystem),” ECOM-5589, April 1976.

Miller, Walter B.. “Preliminary Analysis of Fall-of-Shot From Project *PASS’.”" ECOM-
3590, April 1976.

Avara, Elton P.. “Error Analysis of Minmmum Information and Smith's Direct Methods
for Inverting the Radiative Transfer Equation,” ECOM-5591, April 1976.

Yee, Young P, James D. Horn, and George Alexander, “Synoptic Thermal Wind Cal-
culations from Radiosonde Observations Over the Southwestern United
States,”” ECOM-5592, May 1976.

Duncan. Louis D, and Mary Ann Seagraves, " Applications of Empirical Corrections to
NOAA-1 VTPR Observations,” ECOM-5593, May 1976.

Miers, Bruce T.. and Steve Weaver, ~Applications of Meterological Satellite Data to
Weather Sensitive Army Operations,"ECOM-5594, May 1976.

Sharenow, Moses, “Redesign and Improvement of Balloon ML-566," ECOM-5595,
June, 1976.

Hansen, Frank V.. “The Depth of the Surface Boundary Layer,” ECOM-5596, June
1976.

Pinnick, R.G., and E.B. Stenmark, “Response Calculations for a Commercial Light-
Scattering Aerosol Counter.” ECOM-5597, July 1976.

Mason, J.. and G.B. Howdale, *Visibility as an Estimator of Infrared Transmittance,”
ECOM-5598, July 1976.

Bruce, Rufus E.. Louis D. Duncan, and Joseph H. Pierluissi, “Experimental Study of
the Relationship Between Radiosonde Temperatures and Radiometrie-Area
Temperatures,” ECOM-5599. August 1976.

Duncan, Louis D., “Stratospheric Wind Shear Computed from Satellite Thermal
Sounder Measurements,” ECOM-5800, September 1976.

Taylor, F., P. Mohan, P. Joseph and T. Pries. “An All Digital Automated Wind
Measurement System,”” ECOM-5801. September 1976.

Bruce, Charles, ““Development of Spectrophones for CW and Pulsed Radiation Sources.”
ECOM-5802, September 1976.

Duncan, Louis D., and Mary Ann Seagraves.” Another Method for Estimating Clear
Column Radiances,” ECOM-5803. October 1976.

Blanco, Abel J.. and Larry E. Taylor, " Artillery Meteorological Analysis of Project Pass.™
ECOM-5804, October 1976.

Miller, Walter, and Bernard Engebos.” A Mathematical Structure for Refinement of
Sound Ranging Estimates,” ECONM-5805, November, 1976.

Gillespie, James B., and James D. Lindberg, "\ Method to Obtain Diffuse Reflectance
Measurements from 1.0 to 3.0 ym Using a Cary 171 Spectrophotometer,™
ECOM-5806, November 1976.

Rubio, Roberto, and Robert O. Olsen.”\ Study of the Effects of Temperature
Variations on Radio Wave Absorption.” ECOM-5807. November 1976.

Ballard, Harold N., “Temperature Measurements in - the Stratosphere from Balloon-
Borne Instrument Platforms, 1968-1975," ECON-5808, December 1976.

Monahan, H.H., “An Approach to the Short-Range Prediction of Early Morning
Radiation Fog,”” ECOM-5809, January 1977.

Engebos, Bernard Francis, “Introduction to Multiple State Multiple Action Decision
Theory and Its Relation to Mixing Structures,” ECOM-5810, January 1977.

Low, Richard D.H.'Effects of Cloud Particles on Remote Sensing from Space in the
10-Micrometer Infrared Region, ™ ECOM-5811, January 1977,

Bonner, Robert S., and R. Newton, “Application of the AN/GVS-5 Laser Rangefinder
to Cloud Base Height Measurements,” ECOM-5812. February 1977,




T ——

19,

o0

oo,

60

Rubio, Roberto, " Lidar Detection of Subvisible Reentry Vehicle Exosive Atmospheric
Material,” ECOM-5813, March 1977.

Low, Richard D.H.. and J.D. Horn, “Mesoscale Determination of Cloud-Top Height:
Problems and Solutions,” ECOM-5814, March 1977.

Duncan, Louis D, and Mary Ann Seagraves,*Evaluation of the NOAA-4 VI'PR Thermal
Winds for Nuclear Fallout Predictions,”” ECOM-5815, March 1977.
Randhawa. Jagir S.. M. Izquierdo, Carlos McDonald and Zvi Salpeter, ““Stratospheric
Ozone Density as Measured by a Chemiluminescent Sensor During the

Stratcom VI-A Flight,” ECOM-5816, April 1977.

Rubio, Roberto, and Mike [zquierdo, “Measurements of Net Atmospheric Irradiance
in the 0.7- to 2.8-Micrometer Infrared Region,”” ECOM-5817, May 1977.

BRallard, Harold N.. Jose M. Serna, and Frank P. Hudson Consultant for Chemical
Kinetics, “Calculation of Selected Atmospheric Composition Parameters
for the Mid-Latitude, September Stratosphere,” ECOM-5818, May 1977.

Mitchell, J.D.. R.S. Sagar. and R.O. Olsen, “Positive lons in the Middle Atmosphere
During Sunrise Conditions,” ECOM-5819, May 1977.

White. Kenneth O.. Wendell R. Watkins, Stuart A. Schleusener, and Ronald L. Johnson,
“Solid-State Laser Wavelength Identification Using a Reference Absorber,”
ECOM-5820, June 1977.

Watkins. Wendell R., and Richard G. Dixon, “*Automation of Long-Path Absorption
Cell Measurements,”” ECOM-5821, June 1977,

Taylor, S.E., J.M. Davis, and J.B. Mason, ““Analysis of Observed Soil Skin Moisture
Effcts on Reflectance,” ECOM-5822, June 19717.

Duncan, Louwss D. and Mary Ann Seagraves, “Fallout Predictions Computed from
Satellite Derived Winds,” ECOM-5823, June 1977.

Snider, D.E., D.G. Murcray, F.H. Murcray, and W.J. Williams, “Investigation of
High-Altitude Enhanced Infrared Backround Emissions™ (U), SECRET,
ECOM-5824, June 1977.

Dubbin, Marvin H. and Dennis Hall, “Synchronous Meteorlogical Satellite Direct
Readout Ground System Digital Video Electronics,” ECOM-5525, June
19717.

Miller, W.. and B. Engebos, “A Preliminary Analysis of Two Sound Ranging
Algorithms,” ECOM-5826, July 1977.

Kennedy, Bruce W., and James K. Luers, “Ballistic Sphere Techniques for Measuring
Atomspheric Parameters,” ECOM-5827, July 1977.

S GOVERNMENT PRINTING OFFICE 1977 777-022/11

T T arrp T r—




