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ABSTRACT

This report presents the results and conclusions derived
from & series of meteorological soundings taken in conjunction
with hovitzer firings at Fort Sill, Oklahoma, during March and
April 1958. The tests provided informetion for determining
the relative importance of ballistic and meteorological sources
of error in the artillery system., Estimates are given for the
error arising from existing meteorological sounding equipment,
space and time variability of meteorological date, and of
gunnery and ballistics.
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ANALYSIS OF BALLISTIC METEOROLOGICAL EFFECTS
ON ARTILLERY FIRE

INTRODUCTION

The inclusion of meteorological corrections when aiming an artillery
weapon is necessary for accurate firing. In the past, the limited accuracy
of devices to measure the parameters of the atmosphere permitted only gross
corrections to be applied. More recently, however, the anticipated use of
new concepts in future army operations has increased the need for improve-
Tent in the accuracy of weapons systems. These concepts include the follow-

ng:

1. New tactical concepts requiring a high degree of mobility cnd a
360-degree sector of fire for field artillery.

2. The use of atomic energy projectiles requiring the capability of
hitting a target with the first round.

3. The utilization of rockets and migsiles for field artillery.

Because these new concepts require an improvement in weapons accuracy,
USCONARC Board No. 1, in December 1956, requested that a comprehensive study
of meteorological ballistic corrections for artillery and missiles be made
to improve firing accuracy. This request was transmitted to USASRDL in
January 1958 from 0CSig0, and work was undertaken by this laboratory under
Task 3-31-15-412, "Study of Ballistic Corrections for Artillery and Missiles."

The USASRDL study program was divided into two phases: 1) A program of
test firings to provide data for the determination of the relative importance
of various sources of error in the artillery system. These sources of exrror
include inaccuracies arising from existing meteorological sounding equipment,
space and time variability of the atmosphere, and errors of gunnery and bal-
listica. The results of these tests will help to determine the philosophy
to be followed in the development of future equipment. The tests were made
at Fort Sill during the months of March and April 1958. 2) A study contract
(Contract DAZ6-039 SC-78068) with Melpar Inc., Boston, Mass., consisting of
the following major phases:

&) Determination c¢f the errors of existing systems in measuring the
variables of the atmosphere.

b) Study of the effects of atmospheric time and space variability on
the validity of ballistic messages.

¢) Stuay of meteorological parameters and their relation to the total-
ity of error in present gunnery practice, leading to decisions concerning
meteorological accuracy requirements.



d) Study of the effects of various methods for increesing the accuracy
of meteorological data t..rougn suecn techniques &s interchange of date among
units of t.e field army, statistical treatment o data, map teciniques, etc.

e) Design of an optimum system for obtaining the meteorological infor-
mation required for artillery and other field army needs, including nuclear
fallout.

The series of meteorological sourndings in conjunction with howitzer
firings (Phase 1) was designed as an extensive field test to: 1) determine
t..o significance of tie meteorological error as compared to the over-all gun-
nery system erro> in present operational techniques, and 2) determine
wi.et.er improvement might be made in ti.e meteorological system and/or equip-
ment which would ennance t..e technigues of unobserved firings.

The participating agencies in tie firing tests, BRL, USAAMS, and
USASRDL, agreed that the tests should provide date for 1) comparison of bal-
listic winds and densities computed from Rawin Set AN/GMD-l, Rawin Set
AN/GMD-2, and paired theodolites (winds only); 2) determination of signifi-
cant error sources introduced within the meteorological system; 3) determi-
nation of quantitative improvement of multiple-station meteorological data
over single-station data in gunnery accuracy; 4) comparison of post-corrected
firing results, using meteorological data of varying staleness and at varying
distances from the firing site; and 5) determination of the over-all gunnery
system error and of the meteorological component.

The responsibilities for conducting the tests were divided among the
participating agencies as follows:

USAAMS.. 1) Orgenizing, scheduling, and conducting the firing program
at Fort Sill, and providing weapons, crews, and ammnition; 2) scheduling
metro sections available at Fort Sill for the test period; 3) determining
burst locations; &) providing for measured muzzle velocity data; and 4)
reduction of firing data, using field procedures.

BRL. 1) Formal preperation and dissemination of the design of experi-
ment and 2) ballistic reductions of firing data, using standard ERL tech-
nigques.

USASRDL. 1) Organizing and providing observations required; 2) obtain-
ing data from scheduled Weather Bureau and Air Force soundings made within
tr.e surrounding area at trhe time of the tests; 3) meking computations with
an IBM computer of center-of-impact registrations (CI's) fired; and 4) making
computations and comparisons of meteorclogical data obtained tw verious
aquipments.

DISCUSSION
General

Fring tables are based on actual firings of & weapon and its ammunition
under & set of conditions accepted as standard. Thus, under these standard
conditions, data taken directly from the firing tables would Lit the target.
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The failure of a shot to hit the target is due to & combination of varia-
tions from standard. Major causes of these variations are:

1. Meteorclogy. Wind, air density, and temperature affect the flight of
the projectile, causing it to vary from standard.

2. Muzzle-Velocity Variation. Standard muzzle velocity for any type
of weapon is known, and firing-table ranges are based on that figure. EHow-
ever, any given lot of ammunition may vary widely from standard; in fact,
it is seldor at standard velocity, and may vary from round to round in the
same lot of emmunition. This change from standard is known as MVV, or
muzzle velocity variation.

3. OQther Ballistic Effects. Projectile weight end powder temperature
when not at standard may cause a varizstion from firing-table data. These
factors are normelly included with the meteorologicel message corrections
although they have nothing to do with the stmosphere.

Other variations from standard will be caused by tube wear on the piece,
nonuniform remning in the case of separate loading ammunition, coppering,
moisture content of the powder, and many other factors affecting the velocity
of the projectile or its ballistic coefficient.

The date analysis for the firing tests is based on the assumption that
if all known corrections for nonstandard conditions are applied to the
observed location of a number of rounds, the resultant range and deflection
should egqual the standard firing-table data. In other words, if all ballis-
tic and meteorological variations from standard could be determined, the
total correction for these conditiors when applied to the center of impact
(€I) should loczte the CI at the point indicated by the firing tables.

The amount by which the known corrections fail to bring the range and
deflection up to the standard firing-table data is the error or missed dis-

tance involved in hitting a target. This error can be represented mathemati-
cally by the following formula:

2 2 2 2 . . .
™ mu T B * g t PR rM T * °RE “RMCE * PBECBE
<71?3= °'I2M+ °§*2’°mz°"m°3 »

where

C?E is the range variance in meters,

<5§ is the deflection veriance in meters,

crﬁ is the variance due to meteorological effects,

o5 1s the veriance due to ballistic effects,

cré is the unexplained variance, and includes experimental error in

this case.
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‘oRI-IB’ e’ end PBE are correlation coefficients between the

factors.

Since no estimates of the correlations between the factors are avail-
able, the equations were simplified to the following:
cr§ = "§M + crg + csg.

:r% = c—fem + a% where cr% elso contains the correlation factors.
It was decided to study the effect of three factors which could seri-
ozsly affect the value of crg and cyg. These factors include time lag

between meteorological measurement and use (time varieability), distance
between meteorvloszicel stetions and firing position (distance variability),
and effect of different types of training given to the meteorological teams
which made the meteoroclogsical observations.

Desigrn of Experiment

The experimental design adopted by Brllistics Research Laboratory to
fulfill the requirements set up by the test plan was a 4 x 4 latin square
with two replications in which taree factors--days, distance, and meteoro-
lo.ical teems--vwere to be studied for O-, 2-, 4-, and 6-hour time lapses.

A schedule of eight testing days was arranged at Fort Sill, Oklahoma, under
the auspices of The Army Artillery and Missile School. Each testing day had
four ballistic meteorological fligzhts scheduled for each of the participating
meteorological teams designatved by the letters A through D. These teams,
together witih their base sets, were rotated from site to site according to
the latin square desizn indicated in Table 1 (with the distances of each
station from the gun position).

Table 1. Schedule of Rotation of Base Sets

FP 511 FP 402 FP 8 FP 652
Deys Date (1 mile) (4 miles) (10 miles) (17 miles
1 29 FHar A B Cc D
£ 1 Apr 3 c D A
3 & Apr c D A B
i 10 Apr D A B c
5 1z Apr D A B c
6 14 Apr 3 D c A
7 17 Apr A c D B
8 21 Apr o) B A D

The flights were to be made at 0600, 0800, 1000, and 1200 hours. Two
center-of-impact regsistrations were to be fired concurrently with the meteoro-
logical flights of 0800 and 1200 hours. Two artillery weapons, a 105-mm
hovitzer and an 8-inch howitzer, were selected for the firings and were fired
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at fixed azimuths and quadrant elevation angles, the range for both
weapons being approximately 9,000 meters. The center-of-impact registra-
tions were, when taken in conjunction with the measured muzzle velocity,
designed to provide a standard by which the accuracy of the metzorological
message could be measured,

The howitzers used for firing the center-of-impact registrations were
provided by Technical Operations engineering units stationed at Fort Sill.
The sawe howitzer, in appropriate caliber, was used for each test day in
order to avoid variations in the characteristics of the weapon. All firings
took place .under the supervision of the Gunnery Department of the Artillery
and Missile School. Howitzers were located to an accuracy of 1 in 30090,
carefully bore-sighted and laid by base angle with an aiming circle. All
ammunition was of the same lot aumber for each caliber. All projectiles
were of the same general weight classification (number of squares) and were,
in addition, weighed prior to firing. Average powier temperature was taken
for those rounds to be fired in any particular CI. Two seating rounds were
fired prior to shooting the CI. Actusl muzzle velocity for each round was
taken by means of a radar doppler chronograph, then corrected for density
of the air, powder temperature, and projectile weight. Muzzle droop was
meagured. Elevation was obtained by use of the gunner's quadrant. Standard
methods were used by the flash nlatoon of each observation battalion to pro-
vide angles for the location of the CI.

Personnel and Equipment

The meteorological teams were divided into two general classifications:
those operating base sets (A through D) and those operating check sets
(E through K). Base sets were used to obtain data of primary interest and
vere stationed at carefully selected sites to obtain data called for by the
latin square experimental desigrn. Check sets were used to verify data
obtained by the base sets, although complete coverage of each sit2 was not
possible. All base sets used the AN/GMD-1A for obtaining the meteorological
data. These base sets were manned by teams whose training and experience
varied considerably. Two of the six check sets, used to obtain additional
date, were rotated. One of these contained a Rawin Set AN/GMD-2. Two of
the remaining four setg, designated by the letters J and K, were located,
regpectively, 50 miles south of Fort Sill and 50 miles wast of Fort Sill.

location of Base Sets

The sites selected for the AN/GMD's used by teams A through D were
located in an approximately westerly direction from the howitzer positions
and were designeted by the corresponding firing point numbers taken from the
Fort 3ill trignnometrical list. The distances varied from one mile to 17
miles, as shown in Table 1. Figure 1 gives a graphical representation of
all the stations involved in the experiment.

In additicn to the Meteorclogical Teams, two photo theodolites, oper-
ated by U. 5. Army Signal Research and Development lLaboratory personnel,
were set up in the vicinity of FP 511 and FP 402 for determining the accur-
acy of the AN/GMD-1A.
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Data Analysis

The 4 x 4 latin square design with two replications made it possible
to analyze four sets of latin squares for zero-hour time lapse, four sets
of latin squares for two-hour time lapse, and two sets of latin squares for
four-and six-hour time-lapses. For example, the meteorological flights of
0800 and 1200 hours, which were made concurrently with the howitzer firings
on each of the =ight testing days, provided the following latin squares:
1 set for the first U days (first square) for the firings at 0800 (c1y).
1 set for the last 4 days (second square) for the firings at 0800 (CI,).
1 set for the first 4 days (first square) for the firings at 1200 (CIz).

1 set for the last 4 days (second square) for the firings at 1200 (CIp).
The missed distance, or the amount by which the known corrections failed
to bring the range and deflection up to the firing table data, served as the
input to each cell of the latin squares.
RESULTS

Experimental Error

The missed distance depends upon the accuracy of the equipment used to
measure variations from standard and other parameters of the experiment.
Among these are the accuracy with which the fall of the shot is observed and
surveyed, initial laying of the weapons firing the CI's, and accuracy of
ruzzle-velocity measurements. In the meteorological field, the accuracy
with which meteorological devices can measure temperature, density, and wind
velocity must also be taken intc account.

The combination of the above factors represents the experimental
errors intrinsic in this particular project. These are shown in Table 2
for all the latin square designs. With the exception of two latin squares,
the experimentel error was fairly constent for all designs. In both cases,
the experimental error wvas much lower than average, and occ irred in the sec=-
ond square: one for the two-hour time lapse, and the other for the six-hour
time lapse. The experimental errors were averaged for each square to deter-
mine whether there was evidence of & learning process in the experiments.
These are given in Table 3 and shown graphically in Figs. 2 and 3. 1In all
cases the experimental error for the second square was smaller than that in
the first square. Thic seems to indicate that, as the exveriment progressed,
the personnel involved in the experiment became more proficient in perform-
ing their duties.

To obtain a reasonable estimete of the experimental error for both
weapons for a range of 9,000 meters, the errors for all latin squares were
averaged, resulting in values for the range experimertal error of 32 meters
for the 105-mm howitzer and 27 meters for the 8-inch howitzer. The deflec-
tion experimental error was found to be, respectively, 1C meters and 7 meters
for the 105-mm howitzer and 8-inch howitzer.



Table 2. Experimental Error in Meters

Time 105-mm Howitzer 8-inch Howitzer
Latin Interval
Square €I in Hours Range Deflection Range Deflection
1 1l 0 33 18 29 12
2 1 0 30 6 29 5
1 2 0 32 8 28 5
2 2 0 24 9 18 6
1 1 2 43 8 38 5
2 1l 2 15 6 13 4
1 2 2 35 8 30 5
2 2 2 29 6 2k 4
1l 2 4 33 18 29 12
2 2 b 31 15 7 3
1 2 6 i 8 38 5
2 2 6 15 6 13 4
Average 32 10 27 7
Table 5. Experimental Error in Meters
Time 105-mm Howitzer 8-inch Howitzer
Iatin Interval
Square in Hours Range Deflection Range Deflection
1l o] 33 20 2 13
2 0 27 8 24 6
Average 30 11 X 8
1 2 39 8 34 5
2 2 23 6 19 L
Average 32 7 28 5
1l L 33 18 29 12
2 Y 31 5 27 3
Average 32 13 28 9
1 6 Ly 8 38 5
2 6 15 6 13 4
Average 32 7 28 5

All standerd deviation averages computed from

8
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Comparison of Meteorologicel Teams

The reliability of meteorological data submitted by any meteorological
team is dependent on the efficiency and degree of training of the personnel
and the state of meintenance of the equipment. The comwponent of variance
due to different teams and equipment was obtained. The results showed that
while the capabilities of the four base-set meteorological teams (A through
D) seemed to very widely in training and experience, the difference between
the meteorological teams was not significant.

Distauce Variability

It has been generally accepted in artillery circles that the validity
of a meteorological message depends on the distance from the center of the
trajectory of the weapon to the point at which the meteorological megsage
was taken, the message becoming less valid as the Aistance between these two
points increases. The experiwent indicated that the distance variability
occurring among stations with a spread of 17 miles is insignificant.

Two other stations, while not part of the experimental design, were
included in the experiment. These stations were located at Sheppard Air
Force Base (50 miles south of the gun positions) and at Altus Air Force
Base (50 miles west of gun positions). These stations developed meteoro-
logical messages concurrently with stations A through D.

In addition to these stations, a mythical multiple sounding station,
composed of the four base stations, was also formed. The composite metro
message produced for each flight was a combination of the data derived from
the base sets (A through D) located at these stations. The average for each
element of data (density, temperature, windspeed, and direction) was combined
into one message.

A comparison between the current meteorological messages obtained from
the four base stations; Sheppard AFB, Texas; Altus AFB, Oklahoma; and the
mythical multiple sounding station was made. The results of this compari-
son are shown in Table 4. A significant difference for the range error was

Table 4. Distance Variability in Meters

Pistance  Error in Standard Deviation Units
Station Trajectory Range Deflection

511 1 mile west 37 17

ko2 L miles west L8 17

8 10 miles west 35 17

652 17 miles west 43 16
Composite or

Multiple Sounding 8 miles west 33 15

Altus AFB 50 miles west 63 19

Sheppard AFB 50 miles south 97 29

10
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obtained for both stations located 50 miles from the trajectory, whil. only
the station 50 miles south of the trajectory showed a significant difference
for the deflection error. It should be noted that the magnitude of the
errors increased from approximetely two to one for station 50-W to approxi-
mately three to one for stations 50-8, indicating that the position of the
meteorological station in relation to the gun position is important.

The mythical multiple-sounding station showed a slight but statisti-
cally insignificant improvement over the single-sounding station.

Time Variability

The extent by which a meteorological message deteriorates because of
staleness or elapsed time between the firing of an artillery weapon and the
computation of & meteorological message has been the subject of considerable
study. It was determined by U. S. Army Signal Research and Development Lab-
oratory and reported in Technical Memorandum No. M-1913 dated August 1957
that the time variability ol ballistiec winds for each component increased

systematically according to the formula é't =.2.3t%, where t is the time
interval in hours and CT} is the standard deviation in miles per hour.

In this experiment, the day-to-day component of the variance provided
a measure of the combined meteorological error and the bvallistic error. The
results indicated that the day-to-day component of the variance for both
weapons for range and deflection was significant for all time lapses (0, 2,
4, and 6 hours) and increased with increasing time lapse. The resylts for
each latin square are given in Table 5. No estimate could be made for the
latin square (210) because the component of variance was smaller than the
experimental error.

The combined estimate of the time variability was averaged for all
squares for each time lapse and is given in Table 6. The estimate of the
pmeteorological error was obtained by removing the ballistic effects
(ovtained from Ballistic Research Laboratory Report No. 1210 dated April
1959) from the combined estimates for each time interval. The zero hour
estimate of & RM for both guns is of the same order of magnitude as the
experimental error. However, the range metro error for 2, 4, and 6 hours
remained significant.

In the case of the deflection metro error (@D), no known sources of
error could be removed from the zero-hour time lapse to reduce 9D to the
sape order of magnitude as the experimental error as in the case of &RM.
The .ifference in the zero-hour time-lapse values for 5 D and J°E could be
due to inpteraction effects not accounted for in the experiment or possibly
correlation between metro and experimental error, as indicated in the dis-
cussion at the beginning of this report.

Least-squares curves were computed for the range metro error (7 RM) and
the deflection metro error (¢ D) for each gun. These curves are shown in
Fig. 4 (curves A, C and D). In addition, theoretical time-lapse curves for
each gun were also plotted (curves B and E), They were obtained by convert-

ing the time variability formula @'t = 2.3t? to meters by multiplying the

12
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Table 5. Combined Estimate of Time Variability in Meters

Time 105-mm Howitzer 8-inch Howitzer
Latin Interval
Square CI in Hours 6r 6D OR 0D
1 1 0 25 16 47 9
2 1 0 -~ 13 27 14
1 2 0 7 11 67 21
2 2 0 27 22 57 27
1 1 2 117 16 107 8
2 1 2 53 1k 27 16
1 2 2 64 14 63 27
2 2 2 6L 22 115 33
1 2 k 54 37 36 41
2 2 n 127 35 162 3k
1 2 6 133 3l 102 39
2 2 6 113 % 134 33
G R = Combined estimate (ballistic + metro)
0 D = Deflection error
_Table 6. Time Variebility in Meters

Time Interval 105-mm Howitzer 8-inch Howitzer

in Hours GR §RM g M OR ORM OTM

0 % 3 16 52 28 19

2 79 T8 17 8 18 23

4 98 95 35 117 109 %

6 123 120 % 120 12 %

0 R = Combined estimate (tallistic + metro)

6 RM = Range metro error
O DM = Deflection metro error

constant by the weighting factors given in firing tables 105-H-5 and 8-J-2
for the 105-mm howitzer and the 8-inch howitzer.

1k



The curves seem to indicate that 1) the experimentel curves for ¢"RM and

6D are similar in shape to the standard curves, 2) the magnitudes of the
metro time-lapse errors for both range and deflection are larger than the
theoretical, and 3) the difference between ¢ RM and 4 tR increases with
time, while the difference between 0 D and 0 tD is invariant with time.

If it is assumed that the difference between curves D and E is a
measure of the unexplained error and remove this value from J D, then the
zero time-lapse value for both guns is reduced to the order of magnitude
of the experimental error. The portion of the deflection variance
removed from the 105-mm howitzer and the 8-inch howitzer was found to be,
respectively, one-ninth and one-fourth of the variance of the range error.
This is consistent with the proportional value of the wind effects for
range and deflection (three to one, and two to one).

Accuracy of AN/GMD-1A and AN/GMD-2

Two photo theodolites were employed to track the test flights vs a
check on the ability of the AN/GMD-1A to measure accurately the ballistic
wind speed and azimuth. One photo theodolite was located at FP-511, and
the other theodolite at FP-402. Both theodolites tracked the balloon
released at FP-511. Ballistic winds for lines 3 and 4 were obtained for
eleven flights. The vector error of tha AN/GMD-1A (using the phototheodo-
lites as standard) was 1.5 knots for line 3 and 1.2 knots for line L

Seven flights were analyzed for comparison of the AN/GMD-1A and the
AN/GMD—E. The results of the comparative analysis revealed no significant
difference in the ballistic winds obtained by the two AN/GMD-s, indicating
that the AN/GMD-1A is of the same order of accuracy as the AN/GMD-2.

CONCLUSIONS

The conclusions drawn from this experiment, while qualitative in
nature, indicate that:

(1) The training, experience, and capabilities of the four base-
set meteorological teams were adequate for the experiment and did not
significantly contribute to the metecrological error. However, the fact
that they were able to develop meteorologica. wessages of sufficient
accuracy for the experiment does not overrule the effect of training.
Training has an effect on the time in which a metro messege can be com-
puted and distributed. This would necessarily affect the age of the
data. The experimental results were analyzed retroactively; consequently,
these effects were not evident in the analysis.

(2) A distance of 20 miles (30 km) between stations is not a signifi-
cant factor where firings are to be made in terrains similar to the Fort
Sill area. As the distance was increased to 50 miles, the error due to
distance doubled for the station 50 miles west of the trajectory and
tripied for the station 50 miles south of the gun position, significantly
affecting the metro error.

15



(3) The composite metro message obtained from multiple-sounding stations
vithin a radius of 20 miles (30 km) in the Fort Sill ares 4id not significantly
reduce the metro error obtained from a single-sounding station. The reason
for “his can be seen easily when it is remembered that there was no signifi-
cant difference between the metro messages produced by the stations within a
20-mile (30 lm) radius. Conmsequently, & combination of the message could not
produce any significant improvement. However, a reduction in measurement
error is possible, since the error of the mean is dependent on the number of
stations.* Moreover, if the stations 50 miles south and 50 miles west had
been included, the composite message thus produced would be significantly
better than the individual message of these two stations, with no significant
loss in accuracy as compared with the individual messa.e of the stations
within the 20-mile radius.

(4) The error due to meteorological staleness is the most important
factor. The combined estimates of the range metro error (ballistic and
meteorological) and deflection metro error are significant for all conditions
of staleness. The ballistic effects ( 0) and estimated range metro error
(cbtained by removing the ballistics effects from the combined metro error)
for zero hours staleness were of the same order of megnitude as the experi-
mental error. :

(5) The time-variability for the estimated metro error for both range
and deflection was significant for 2, 4, and 6 hours. These values of Tp,
were much larger than those obtained by USASRDL in previous experiments,
indicating that unexplained factors had entered into the estimmtes of 0, RM °

The unexplained factors for the range metro were also a function of time,
ranging between 30 meters and 50 meters for the lO5-mm howitzer and between
35 meters and 60 meters for the 8-inch howitzer. This amounts to approxi-

mately 3 knots for both guns, or equivalent to one~hour time-variability
error,

(6) The AR/GMD-1A gives ballistic winds to the same order of accuracy

as the AN/GMD-2, the vector error being approximately 1.5 kmots for line 7
and 1.2 knots for line L.

ACKNOWLEDGMENTS

The author wishes to express his apprecietion to the following indiv-
iduals for their invaluable assistance toward the successful completion of
this project:

Mr. James A. Parker of USASRDL for his advice and assistance in deter-
mining & proper procedure for obtaining the input data.

#The standard error of the meen is .

L
JE

where ¢~ - is the standard
error of the mean.



Mr. Patrick Murray of RCA for supervision of the reduction of the Fort
8111 data, remvval of errors in the date, and the evaluation of the metro mes-

sages,

Colonel Buntyn and Lieutenant Elliot of Fort S8ill, Oklahoma, whose
enthusiastic support and persuasive manner were responsible for the success
of the project.

Mr. A. C. Barichivieh, USASRDL, for his assistance in programming the
raw data for the Royal McBee IGP-30 digital computer.

17



DISTRIBUTION
No. of Copies

Chief Signal Officer, ATTN: SIGRD
Department of the Army, Washington 25, D. C. 1l

Chief Signal Officer, ATTN: SIGPD-8bl,
Department of the Army, Washington 25, D. C. 2

U. S. Army Research Office, Research Anclysis

Division, ATTN: Dr. Hoyt lLemons, Arlington
Hall Station, Virgiaias 1l

Office of Assistant Secretary of Defense (R and E)
ATTN: Technical Library, Room 3E1065, The Pentagon,
Washington 25, D. C. _ l

Chief, U. S. Army Security Agency, ATTN: AC of S,
G4 (Technical Library), Arlington Hell Station,
Arlington 12, Virginia 1l

Cormanding General, U. S. Army Electronic Proving
Ground, ATIN: Meteorological Department,
Fort Huachuca, Arizona 2

Commanding General, U. S. Army Electronic Proving
Ground, ATTN: Technical Library, Fort Huachuca,
Arizona 1

Commanding Officer, U. S. Army Signal Missile
Support Agency, ATTN: SIGWS-AJ, White Sands Missile
Range, New Mexico 1l

Commending Officer, U. S. Army Signal Materiel
Support Agency, ATTN: USASIMSA/ADJ, Fort Moumouth, N. J. 1

Directorate of Intelligence, Hq, United States Air
Force, ATIN: AFOIN-1bl, VWashington 25, D. C. 2

Commander, Rome Air Development Center, ATTN: RAOIL-2,
Griffiss Air Force Base, New York 1l

Commarnding General, Hg, Ground Electronics Engineering
Installaticns Agency, ATTN: ROZMS, Griffiss Air Force
Base, New York 1

Commender, Aeronautical Systems Division, ATTN: ASAFRL
Wright-Patterson Air Force Base, Ohio 1

Cormarding General, U. S. Army Electronic Proving Ground,
ATTN: SIGPG~-DCGM, Fort Huachuce, Arizona 2

(1)



DISTRIBUTION (contd)

Commander, U. S. Air Force Security Service,
ATTN: Directorate of Systems Engineering (ESD)
DCS/Communications-Electronics, San Antonio, Texas

Commander, Air Force Command and Control Development
Center, ATTN: CCRR and CCSD, L. G. Hanscom Field,
Bedford, Massachusetts

COnnm.nder-iﬁ-Chief, Strategic Air Command,
ATTN: DOCER, Offutt Air Force Base, Nebraska

Commander, Air Proving Ground Center, ATTN: Adj/
Technical Reports Branch, Eglin Air Force Base,
Florida

Commander, Air Force Cambridge Research Laboratories,
ATTN: CRO, laurence G. Hanscon Field, Bedford, Mass.

Chief of Naval Research, ATTN: Code 427, Departmwent
of the Navy, Washington 25, D. C.

Bureau of Ships Technical Library, ATTN: Code 312,
Mein Navy Building, Room 1528, Washington 25, D. C.

Chief, Bureau of Ships, ATTN: Code L5k,
Department of the Navy, Washington 25, D. C.

Chief, Bureau of Ships, ATTN: Code 686B,
Department of the Navy, Washington 25, D. C.

Director, ATTN: Code 2027, U. S. Naval Research
laboratory, Washington 25, D. C.

Commanding Officer and Director, ATTN: Library,
U. S. Navy Electronics Laboratory, San Diego 52,
California

Commander, U. S. Naval Ordnance Laboratory,
White Oak, Silver Spring 19, Muryland

Director, ATIN: Technical Documents Center,
U. 8. Army Engineer Research and Development
Leboratories, Fort Belvoir, Virginia

Commanding Officer, ATTN: Technical Library,
Bldg. 330, U. S. Army Chemicael Warfare Laboratories,
Army Chemical Center, Maryland

Commander, Armed Services Technical Information Agency
ATTN: TIPCR, Arlington Hall Station
Arlington 12, Virginia

—~
~o
~

Nr of Copies

10



DISTRIBUTION (contd)

Signal Corps Liaison 0fficer, Ordnance Tank Automotive
Command, U. S. Army Ordnance Arsenal, Detroit,
Center Line, Michigan

Army Liaison Officer, ATTN: Code 1071, Naval Research
Laboratory, Washington 25, D. C.

Signal Corps Liaison Officer, Aeronautical Systems
Division, ATTN: ASDL-9, Wright-Patterson Air Force
Base, Ohio

Signal Corps Liaison Officer, Massachusetts Institute
of Technology, Building 26, Room 131,
77 Massachusetts Avenue, Cambridge 39, Massachusetts

Signal Corps Liaison Officer, Rome Air Development
Center, ATTN: RAOL, CGriffiss Air Force Base, New York

USASRDL Liaison Officer, Hq, U. S. Continental Army
Commend, Fort Monroe, Virginia

USASIMSA Liaison Engineer, Signal Section, Eighth U. S.
Army, APOC 301, San Francisco, California

Chairman, U. S. Army Chemical Corps Meteorological
Cormittee, Fort Detrick, Frederick, Maryland

Director, U. S. Army Chemical Corps Operations
Research Group, Army Chemical Center, Edgewood, Maryland

Director, Atmospheric Sciences Programs, National
Science Foundation, Washington 25, D. C.

Director, Bureau of Research and Development, Federal
Aviation Agency, Washington 25, D. C.

Director, Bureau of Research and Development, Federal
Aviation Agency, National Aviation PFacilities Experimental
Center, ATTN: Technical Library, Bldg. 3, Atlantic City,
New Jersey

Chief, Fallout Studies Branch, Division of Biology and
Medicine, Atomic Energy Commission, Washington 25, D. C.

Chief, Buresu of Nevel Weapons (FAME), U. S. Navy Depart-
ment, Waslkington 25, D. C.

fficer-in-Charge, Meteorological Curriculum,
U. 8. Navel Post Graduate School, Monterey, California

Signal Corps Liaison Officer, Lincoln Laboratory,
P. C. Box 73, Lexington, Massachusetts

—
Lat
~—

Nr of Copies




DISTRIBUTION (contd)

Chief of Naval Operations (0OP0O7), U. S. Navy Department,
Washington 25, D. C.

Office of Naval Research, U. S. Navy Department,
Washington 25, D. C.

U. 8. Naval Research lLaboratory, ATTN: Code 7110,
Washington 25, D. C.

AFSC Liaison Office, Naval Air Research and Development
Activities Command, Johnsville, Pa.

Chief of Research and Development, Department of the Army,
Washington 25, D. C.

Marshall Space Flight Center, Aeroballistic Division,
Aerophysics Branch (Aero-G), ATTN: William Vaughn,
Huntsville, Alalama

Office of U. S. Naval Weather Service, U. S. Naval
Station, Washington 25, D. C.

Officer-in-Charge, U. S. Naval VWeather Research
Facility, U. S. Naval Air Station, Norfolk, Virginia

U. 8. Army Corps of Engineers, Snow, Ice, and Permafrost
Research Establishment, 1215 Washington Avenue, Wilmette,
Illinois

U. 8. Army Corps of Engineers, Waterways Experiment
Station, Vicksburg, Mississippi

0ffice of the Chief of Ordnance, Department of the Army,
Washington 25, D. C.

Chief, Aerophysics Branch, Aerobe .listics Laboratory,
Army Ballistic Missile Agency, Redstone Arsencl, Alabame

Chief, West Coast Office, U, S. Army Signal Research and
Development laboratory, Bldg. 13, 75 South Grand Avenue,
Pasadena 2, Celifornia

Commanding Officer, ATTN: Technical Information Section,
Picatinny Arsenal, Dover, New Jersey

Chief, Meteorology Division, U. S. Army Chemical Corps
Proving Ground, Dugway Proving Ground, Utah

Chief of Research and Development

ATTN: Miss Merle Good, ORDTB
Washington 25, D. C.

(L)

Nr of Copies

1l



DISTRIBUTION (contd)
Nr of Copies

President, J. 3. sy Arti
ATTN:  M», R. Waller, Fors

llery Board, .
8111, Cklazhoma 1

illery and Guided Missiles School,

U. 8. Army Arc
i Colcnel Buntyn, Fort Sill, Oklshoma 1

ATTi:  Lt.

U. 3. Army Artillery and Guided Missiles School,
ATTH: Lt. Colenel Simpson, Fort Sill, Cklesoma 1

Commanding General, Ballistic Research laboratories,

ATTN: J. C. McPherson
Averdeen Proving Ground, Aberdeen, Maryland 1

commanding General, Ballistic Research laloratories,
ATIN: 0. P. Bruno
Abverdeen Proving Ground, Avberdeen, Maryland 1

Director, Naval VWeapons laboratory,
LTTH: A. L. Jones, Comnonent and Analysis Laboratory
Danlgren, Virginia 1l

Headgaarters, . S. Air Force, ATIN: Lt. Colonel J. N. Highley,
LFOOP-SU-FX, Washtington 25, D. C.

USASMSA Liaison Office, Room 4D117, USASRDL 1
Corps of Fngineers Liaison Officer, Room 4D123, USASRDL 1l
Marine Corps Lisison Officer, Room 4D119, USASRDL 1l

U. S. CONARC Lisison Officer, USASRDL, Rm 4D115, USASRDL

w

Cormandin_ Officer, U. 5. Army Signal Research Activity, Evans 1

USASRDL Technicael Documents Center, Evans Ares 1
Mail File and Records, File Unit No. 3, Evans Area 1
Chief, Technical Information Division, Eq, USASRDL 6
Chief Scientist, USASRDL 1
Director, leteorological Division, Surveillance Depertment 1
Chief, Atmospheric Physics Branch, ieteorological Division 25
Chief, Meteorolo.ical Systems Branch, Meteorological Division 1
Thief, leteorclo_ical Instrumentation Branch 1
Technicel Rermorte Unit, lleteorological Division 1

fen Army, Fr. Monmouth, NJ-MON 5249-61



TO-€30-12-95CE As=l ¥I
*r o fysmonuoy

330 . ‘LroqeaoqT;
soeadoTaas(q paw
qoIwasay Teadrg Azry
puomAwy ‘joonTiod

%3 1sdsg

-85 AIITTTI3IV UT Joxxy
SHCTITS J923TAOR

s3ay

-puros Ted13oTox0339H

"SOT3STITYq

Pae AI3uund Jo pue ‘wywp TwOISoTOJ093am JO _
£37TTIQUIS8A T3 pUw 20uds ‘quamdrrbs Surpumos
TI0T20T0109%3a SUTISIXD WOIY FITSII® JOIID

JO 990In0s TeSTIoToT0FM PUB OTISTIIRq JO _
30UB3I0dTT IATHVTAL W3 SUTUTMINSD 0] WOTR
-WHIOJUT DIPTACIE 83893 34l °QG6T TTady puw

Ie JuTINp ‘EmOTETRO ‘TTIS 3X0d 38 SUTITF _
I3Z3TAOG [3TA UmoTldunf{uod Ul uavwy s3urpuncs
TeOT30TOI09330 JO SITIIS 3 WOIJ PAATISP SUOCTS

T0-€00-T2-9€aE ASel Yg
*r *y ‘ysnouuoy

305 fAI03eI03Y,
1mecdoTaasq pus
qoIPesay Teudty AmIy

*I1

°IiI

At

*SOTISTITNQ
pus LrsounBd ;o pow ‘wwp TeOlSorozoajam JO
£3TTIQUIIeA T3 pow adwds ‘yzamdinba Buppamos
T I20oToI0am TISTXD WOIZ SuTsTIe JOLID
JO 832 n0s TWOTSOTOI0R ¥ paw OTISTITY] JO
0TRIIOAAT AATIV(I U} FWTUTRIANIP JOJ TOTY _
-SmIOJUT PIpTaoxd 83833 agl Q<61 Trady pow
PIW BuTIp ‘wROQUINO ‘TITS ad 39 sBulITg
13z31A0G JITA 00T3oM{UoOd Uy Taye3 sJuppanos _
TeOTHOTOI0333Cq JO SITIIE 9 TOIXJ DIATIIP STOTS
-nTIUC pue s3Il Iy suIsaxd rxodar syQy _

320d3y PITITSSETOWR  (T0-S00-TS-KAE I9WL WI
(1222 3J0day (eOTUAL TAYSYSN
*$31qw3 ¢ -emTTT TouT -4d LT ‘1961 |
3snBny ‘TOINTT3E Puocmdiey £Q FULI XETTILIMY NO
SIJRAII TYOIDOTOHOGIAN OLISTTIVE 40 SISKTVEY
°f N ‘gynomucy 3xod _

‘4ro0yvroqe] 10emdoTaAl] pUv GOIwesay [eudts Ay

ATQ Q_

TO-€02-12-9£GE As=L WU
*r ° ‘uInNDWUOL

3I0: ‘A10qe3I057T
jusmdoTanaq pus
qoI3esdY TeaITs AmIy
puoniey ‘3oonTTE

uaisdg

-8£g AIITTT3IV UT Joxg

SSTTE I9ZITACH
sJar
-pumog WO THOTOI0IIN

‘2 3sriny ‘TOomTYad puowdey £q FUII XNITIIIMY NO

11 ~NToUOD PUZ SIS Y} srussadxd jrodaz syyl _ uomfey ¢oonTTed
I

320d3y uonanmaMuB Awm.moo-ﬂ-mnnn ASUL EW we sk

7222 x0day TROTIRAL TAESVSH i
" "$9Tq@3 ¢ $TTTT T96F -&d LT ‘T96T | -oss p L g
“2  3sndny ‘10onTTsq puowdwy Aq FHIJ XEITILIMY MO s8my
SIXLIIH TYOIDCTOMOEIEN ILISITIVE JO SISXTVNY -
1 ‘£ ‘N ‘winowuaN 104 | -emes teosserazoviam
{£303810q3] 3ueadolasdq pre ydIwesady [wudrs Anxy QELITSSYINN
-ATQ P _
*SITISTITVq _ T

pue LIsuan? JO puw ‘wep TROTIOTOI09 M JO
A31TTTQeTIRA ST pUs dwds ‘yuamdinda Surpanos
T30130Tow073x BUTISTXP @OXT FUTSTJIB JOXID
JO 832Inos TwITBoToX0a33@ PUAR OTISTITEq JO
0UWIIOATT AATIVTSX 33 PFTTAWISNIIP JOJ TOT3 _

°Ir -"LIO, oxd sis E . xd
ITI FOT PIDTA 3897 UL °gGéT TrIdy puw To-€00-T2-95aE ASEL ¥Q
*f *X ‘Yinouuo;
3304 ‘Liozeoqer
jzemdoTasaq puw
TIBISIY TeudTS Ary

PIg JUTID “BOWETHO ‘TTIS 3dad 3e sBulIyg
I9Z3TA04 TA TOTIdUN{'uod uT uIawwy sFurppunos _
TeOT30T0I0933T JO SITIIE ¥ WOIJ PIATIIP SUOTS
‘II ~nTIUCD puw $3TNSIL IM syuIsaxd jxodax syl
‘I
1oday pITITISTIOW  (T0-C00-T2-98ds X9Wl W) _
(ne22 330dey TeITOGRAL IISYSA) wayek
< "891qw3 ‘- #MTTT 19T -dd LT ‘1961 _ -84g AIJTTIIIV UT uo.nﬂm

SIOFLIA TYOIOCTOHOBIAN OLISTTIVE 40 SISKTVEY sBTTINL 1223 7A0R

sSay
T £ N ‘ojnomuol 304
‘£z03v10q¥] JusmdoTaad] pUR UOIwes3y [WUSTS fimry ~PaNCE TeOTHOTOI0IM
-ATQ av
CILIISSYIONN

‘T
puomiwy ‘ToonTred I

“SOTISTITe]

paw Arsuan? Jo puw ‘mwp TwolSoroJoaam IO
£37TTqeT=RA WY} pow aowds ‘quamdyrba Surpuncs _

T®1S070209%3x BUTISTXS TOLJ SUTSTIv JOIID

JO $32Inos TwoTSoTox0aam puw JTISTITYY JO
VTIIOAAT IATIV[L 3qy JUTTTIARIP 20F TOTL _

*III ~wmIOJUT PIPTACId €3833 Gl QST TTXdy pow

QI BuTLMp ‘WWOGETRO ‘TITS Q. 3® sUTITS
I9237A0Y Q3TA TOTIoUN(UOD U TINWy sJuTrunos _
HCOﬁMCﬂO.nOOOB S0 S$ITIIB ¥ TIOJIJ DPIATIID SUOTS
-NTITCY pOR SITNSAL Iy saaasaxd Eg Qa_
oday PITITSSEIST] (T0—<00-T2-95aS XvWl W)
(ne2e 3x0day TeoTURRAL IMEYSN)
*$aTqWM ¢ “sMTTY TIUT -dd Uy .Smﬁ_
asnBny ‘TOONTTE PuomAvy £q TUIJ IUTTIIIMY NO
SIOALLA TYOIOCIONAIAN JIISTTIVE J0 SISITYRY
‘L N ‘wmnosuoy 3X0d _
‘£107810Q9] ITedOTIA] TR ISy Tvadp Azry

- i



