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DOUBLE THEODOLITE-ANEMOMETER WIND-EASURING SET

Donald E. Johnson

DA Task 3A99-27-005-12

Abstract

This report discusses the feasibility of combining a double
theodolite wind-measurement with an anemometer wind-measurement, with
the intent of having the combination form a practical wind-measuring
system. The wind data from such a combination would be applied to the
correction of a rocket-launcher setting before firing a free missile.

A theoretical discussion and supporting data are presented to
show that this combination of equipment is not feasible for the forma-
tion of a practical system.

U. S. ARMY ELECTRONICS RESEARCH AND DEVELPMNT LABORATORY
FORT MONMOUTH, NEW JERSEY
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DOUBLE THEODOLITE-ANEMOMETER WIND-MEASURING SET

INTRODUCTION

This report reviews the feasibility of combining a double theodolite wind
measurement with an anemometer wind measurement in a way that would make the
combination a practical wind-measuring system. The intent of such a combi-
nation is to obtain a more useful wind value from which to calculate the cor-
rections which must be applied to a rocket-launcher setting before firing a
free missile.

BACKGROUND

This possible approach to wind measurement was discussed during a con-
ference on low-level winds held on 10 March 1959 at OCSigO. A letter from
OCSigO dated 22 May 1959 authorized the development of a double theodolite-
anemometer wind-measuring set. The Meteorological Division program for low-
level winds, dated 8 July 1959, proposed a study to determine the feasibility
of combining the two types of measurements in a useful low-level wind-
measuring system. In August 1959 an investigation was begun, although on a
low-priority basis. The project lay dormant for sometime until tests were
completed with data taken on the wind range.

The possibility of combining a double theodolite observation with an
anemometer wind measurement to determine rocket wind corrections had been
under consideration for several years. This technique could not be reliably
evaluated without data taken under laboratory conditions, where the limits
of all variables were either known or could be determined. With the instal-
lation of the low-level wind range at USAEIRDL, such data requirements were
satisfied, and the analysis of the techniques became a reality.

DISCUSSION

Theory

The accuracy with which a free missile can be launched so as to hit a
predetermined target depends partly on the accurate prediction of the wind
that the rocket will sense in its burning phase. Rockets are launched at
various elevation angles in order to attain various ranges. Therefore the
vertical layer of atmosphere which they will pass through while burning
varies in thickness. It is generally accepted in meteorology that the mean
wind speed in the lower few hundred feet of atmosphere normally increases
with altitude. This property of the wind requires that the value of wind
speed used in conjunction with a given launching shall normally vary with
the elevation angle at which the rocket is fired. The fixed-height type of
anemometer now used as standard equipment does not have the variable height
capability which is desirable. In order to overcome the fixed-height limi-
tation of the anemometers that are used in the field as rocket launching
accessories, tables have been supplied from which a correction may be
obtained and applied to the anemometer reading. This correction allows for



winds to the height at which a particular rocket will burn out if fired at a
given elevation setting, and for the response characteristics of the rocket.

The increase of wind with altitude in the first few hundred feet of
height is often expressed by the following mathematical equation:

W = kzP,
where

W = wind speed,
z = altitude,
p = wind-profile index.

The profile factors presently used with fixed-height equipment to predict
the wind at an altitude other than that of the anemometer have been empiri-
cally derived. In practice, an estimate of wind profile is obtained by
observing the weather situation prior to the launching of a rocket. If a
live (nonestimated) profile factor could be obtained directly from wind
measurements made just prior to launch time, a valuable bit of data would be
added to the present method of obtaining winds above a fixed height.

The double theodolite wind-measuring method can measure winds in the
layers of atmosphere which are of concern to the- rocket-launching problem.
The variable height capability of the theodolite methodwould seem to make it
a possible way of obtaining live profile factors. However, balloon tracking
can be erratic in the lowest altitudes. It seems that an advantage could be
gained by combining the anemometer and balloon methods so that the anemometer
reading is substituted for the lowest part of the balloon-sensed wind. How-
ever, the gusty, turbulent nature of low-level winds would seem to preclude
the existence of a wind profile index in the live sense. If the wind profile
is to exist at all, the nature of wind indicates that it would have to be in
a statistical sense, with wind samplings averaged over at least 30 minutes
of time.

Pursuing the possibility of obtaining a live profile, the wind measured
by the anemometer at a fixed altitude zo is expressed as

Wzo = kzop .

The average wind in an altitude layer 0 to zl, as sensed by a rising balloon,
is expressed as

F(z) W(z) dz

I F(z) dz
0

In this expression,

W(z) = kzP,

and F(z) is the wind-influence function. For a small pilot balloon,
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F(z) = 1 is assumed. Therefore,

Zi
k zP dz

-zl 0 El

z1P
k J- •

p+1

If the anemometer measures to a height of zo, and the balloon is tracked to
a height of zl,

WZ1 ~ 1-

Wz0  p + E /)

In this relationship the only unknown is the profile factor p. There-
fore, the measurement of a live profile seems possible, but the wind speed
ard balloon height would have to be known with sufficient accuracy. Assum-
ing no error in tracking to the required altitude, and assuming wind speed
can be measured to ±1 mph by both the anemometer and the balloon, the exami-
nation of a hypothetical wind situation will reveal whether a practical
wind-measuring combination can sense a live (single-measurement) profile.

If the fixed anemometer is at 50 feet and the balloon position is read
when it reaches a height of 300 feet, the balloon-integrated wind is assumed
to be ll mph and the anemometer wind is assumed to be 9 mph. Using the wind
ratio equation pertinent to the double theodolite-anemometer combination and
applying it to the assumed conditions, a wind profile of 0.22 must exist.
The wind-measuring accuracy of the combination components will allow the
ratio of the two wind measurements to vary between a maximum of

WZl 1l + i
Vso0 - 1 = 1.

and a minimum of

Wz 1 - 1.
Wzo 9 + 1

The profile values corresponding to these extreme ratios are 0.42 maximum
and zero minimum. If it were possible to measure wind profile with a single
measurement from an anemometer and double theodolite, these equipments are
not accurate enough to sense the profile.

The purpose of a profile measurement is to calculate wind at any
desired altitude in the lower layers from a wind measurement made at a fixed
height. Using the wind profile 0.2. of the hypothetical case, the wind cal-
culated for 300 feet would be
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w300 = kzP = 13.3 mph.

But with the profile (p) varying from 0 to 0.42 with equipment accurate to
+i mph, the 300-foot wind reading could vary from 9 mph to 19.2 mph. These
figures point out the insensitivity of the double theodolite-anemometer
combination to the measurement of wind profile, at least for the hypotheti-
cal example calculated. The condition deteriorates for lower wind speeds
and improves slightly as wind speeds become higher. However, the equipment
accuracy of ±1 mph used for this examination of a hypothetical wind was opti-
mistic. The double theodolite equipment may approach this accuracy under
conditions of level terrain and small wind gradients, but the fixed ane-
mometer accuracy is not as good as ±1 mph.

If a one-run profile measurement were attempted by taking two readings
on a balloon flight, the following ratio equation would obtain:

z2
F(z) W(z) dz

0

S F(z) dz p

WzI  Z l!p
5 F(z) W(z) dz

o SF (z) dz,

Again assuming an optimistic ±1 mph for the balloon-integrated winds, the
wind profiles calculated from the measurements would vary so as to lack
sensitivity for the existing wind conditions. For example, assume that the
balloon position is read at heights of 150 feet and 400 feet, and assume the
wind to 150 feet is 8 mph and the wind to 400 feet is 10 mph. The profile
index determined by these values is 0.23. However, the system inaccuracies
assumed would allow the profile to vary from a minimum of zero to a maximum
of 0.46, so calculation of the wind at 400 feet from the true wind at 50 feet
could vary from 7.6 mph to 20.0 mph, when the true value at 400 feet should
be 12.4. Again, a single reading is insensitive for the calculation of a
wind profile, if such a nonstatistical profile existed. Here, again, the
assumption of an accuracy of ±1 mph was an optimistic one. This is especi-
ally true for the lower balloon reading.

The live-profile approach is not feasible for two reasons. First, the
profile concept probably exists only in a statistical sense; and secondly,
if it did exist in the live sense it could not be detected with any degree
of accuracy by either a practical double theodolite-anemometer combination
or by a balloon flight alone.

Neither does the substitution of an anemometer reading for the lower
part of a balloon flight look promising. If a wind is measured by an ane-
mometer at a height z, so that

Wz = kzp ,
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there is an equivalent wind integrated by a balloon to a height z2 such that

_ kz 1 =kZlPWZl = Wz 2 =p + i =  z

or

Z2- z1 (p + i)p.

Therefore, the height z2, which must be known so that all of the balloon
flight below it may be eliminated, depends on profile p, which probably does
not exist in a live sense. Even if the height z2 were precisely known, it
would be difficult to measure because it would depend on balloon-flight time
and the rate of rise of the balloon. The rate of rise of a tactical system
will vary by at least ±10%.

Tests

Experiments were run from which some of the theory discussed could be
tested. One of the most fruitful of these tests was a series of balloon
flights which were tracked by phototheodolites. These flights consisted of
15 balloons released at 2-minute intervals. Phototheodolite readings were
attempted every 2 seconds for the first 80 seconds of each balloon release.
The programmed print-out from the raw data of these flights provided much
data with which to test some of the points discussed under "Theory." (See
the appendix for a sample print-out of a complete balloon flight.)

Data were taken on the USAEIRDL wind range simultaneously with the
phototheodolite data. This wind range is a series of poles and towers
arranged in line so that the tops simulate the initial part of a rocket
trajectory. Anemometers are mounted on the tops of the poles and towers.
The anemometer on the 50-foot pole was used to represent a fixed-height ane-
mometer in a double theodolite-anemometer wind-measuring system.

Profiles were calculated by using appropriate data from the 50-foot
anemometer and the integrated wind, measured by a balloon rising to 300 feet

and tracked by a double phototheodolite setup. The results are tabulated
in table 1.

The flights shown in this table are of 30-minute duration, and each
run in the flights is 2 minutes apart. The profiles are calculated from
single wind readings during a run. (This type of calculation was called a
"live" profile in the "Theory" section of this report.) The wide dispersion
of profile fractions, which represent wind conditions only two minutes apart,
verifies the statement that profiles do not exist in the live sense and/or
the statement that standard wind equipment cannot sense a profile.

Profiles were also calculated from the double phototheodolite balloon
data, using winds resulting from a balloon reading as the balloon rose first
to 150 feet and then on to 400 feet. Table 2 shows the results.
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Table 1. Anemometer-Balloon Profiles

.... Flight

Run 1 2 5 10 11 13

1 .26 -- -.17 .- .05
2 .35 -.09 .59 .47 -- -.24
3 .21 .47 .74 -.22 .43 -.05
4 .03 .21 .37 -- .13 .63
5 .91 .50 .. .. .12 .12

6 .. .. .. .26 .54 .41
7 .72 -- .07 .11 .09 .23
8 .75 .43 .17 .45 .15 .13
9 .46 .48 -. 11 .55 .53 -.16

10 .43 .50 -- .06 .21 .49

11 .51 -- -.75 -.37 -.13
12 .41 -- -. 12 .06 .40 --

13 .65 -- -.22 -.10' .23 --

14 .84 -- .22 -- -. o4 --
15 .... .67 .. .. ..

Table 2. Profiles from Balloon Readings

Flight
Run 1 2 5 10 11 13

1 .29 -- .18 .. .. .01
2 .20 .32 -.03 .10 -- .08
3 .57 .32 -.13 .05 .29 .11
4 .04 -73 .02 -- .42 .22
5 .08 .17 -- -- .27 .06

6 ........ ..- .02
7 .04 .40 .36 .42 .20 .12
8 .16 .45 .36 .16 .12 •17
9 .46 .31 .26 -- .08 .24

10 .34 .37 -- .17 .15 .20

11 .20 -- 0 .17 .37 .46
12 .16 -- .18 .02 .. ..
13 .22 -- .13 .54 .66 --

14 .09 -- .15 -- .33 --

15 .... .12 .. .. ..

Data were also averaged over the 30-minute flight time, and wind pro-
files were calculated by the anemometer and balloon method and by the t,.o
readings on a balloon method. The results are tabulated in table 3.
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Table 3. Averaged Profiles

50' anemometer 150' balloon
Flight and 300' balloon and 400' balloon

1 .50 .19
2 .23 .31
5 .13 .10

10 .14 .17
11 .26. .29
13 .19 .09

These are statistical wind profiles obtained over a 30-minute period
from 15 sets of wind-speed values. Flights 5, 10, and 11 show good results,
but the other three flights indicate that the averaging time might be too
short to obtain closer agreement in profile index.

Balloons for the "lights were inflated so as to attain a rate of rise
of 7 feet per second. The nature of the tests and the limited number of per-
sonnel available made it necessary to inflate all balloons for a particular
flight ahead of time. This meant that the last balloon in a flight (No. 15)
had been inflated for over 30 minutes.

Tests for the consistency of rate of rise were made for flight times of
30 and 50 seconds. The 30-second balloons should have reached 210 feet. A
sample of 66 balloons indicated that the average difference from this height
was -3.6 feet, but the standard deviation of the rate of rise was 1.6 feet
per second. The altitudes of the 50-second balloons were compared to 350 feet.
A sample of 55 balloons was found to differ from this height by -13.2 feet.
The standard deviation of their rate of rise was 1.3 feet per second.

CONCLUSION

It is not feasible to combine the double theodolite and anemometer into
a wind-measuring system to provide more timely, useful data for the cor-
rection of a rocket launcher for wind effects.

REFERENCE

Barichivich, A. C., et al, "Double Theodolite Wind-Measuring Set for
Rockets," TASRDL Technical Report 2019, 15 Mar 59.
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