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PART ONE
GENERAL
CHAPTER 1
INTRODUCTION

1. Purpose and Scope

a. Purpose. This manual is concerned with the
meteorological needs of the artillery. It describes
the sources of meteorological data within the
field army and describes in detail how these data
are developed. This manual also describes other
meteorological data peculiar to the needs of the
field army.

b. Scope. This manual covers the ballistic me-
teorological problem and the method of determin-
ing ballistic densities, temperatures, and winds.
It presents the techniques of measuring and re-
porting low-level winds for fallout prediction,
measuring low-level winds and temperature for
sound ranging, and measuring low-level winds
for rockets. It describes the organization of the
Air Weather Service within the field army and
describes the manner in which artillery meteorol-
ogical units support the Air Weather Service. Op-
erations of meteorological units under extremes
of weather are described. The method of measur-
ing the temperature-humidity index is described.
It also describes maintenance, inspection, decon-
tamination, necessary destruction of equipment,
and safety precautions for meteorological sec-

tions and equipment. The material presented here-
in is applicable without modification to both nu-
clear and nonnuclear warfare. It is in consonance
with those international agreements listed in para-
graph 7, Appendix A. Within this manual the
term “artillery” is used to mean both field artil-
lery and air defense artillery with exact meaning
indicated by the context. Forms prescribed for
use in this manual are available through normal
AG publications supply channels.

2. Changes or Corrections

Users of this manual are encouraged to submit
recommended changes and comments to improve
the publication. Comments should be keyed to the
specific page, paragraph, and line of the text in
which the change is recommended. Reasons will
be provided for each comment to insure under-
standing and complete evaluation. Comments
should be prepared using DA Form 2028 (Recom-
mended Changes to Publications) and forwarded

. direct to Commandant, United States Army Field

Artillery School, ATTN: AKPSIAS-PL-FM,
Fort Sill, Oklahoma 73508.
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CHAPTER 2

ELEMENTARY METEOROLOGY

Section .

3. Introduction

Meteorology of the weather-adage type is at least
as old as the Bible; however, extensive knowl-
edge of actual behavior of the atmosphere has
- been acquired rather slowly through the centu-
ries. Meteorology as a science was actually
founded about 100 years ago by the French as-
tronomer, Le Venier. The science of meteorology
has advanced significantly since World War I.
Some fundamentals of meteorology are discussed
in this chapter to provide the artillery meteorolo-
gist with a basic understanding of weather.

4, Definition

Meteorology is defined as the science dealing with
the atmospheric phenomena. In addition to the
physics, chemistry, and dynamics of the atmo-
sphere, meteorology includes many of the direct
effects of the atmosphere upon the earth’s sur-
face, the oceans, and life in general.

5. Significance of Meteorology to the
Army

The employnient of rockets and missiles, the nec-
~ssary dispersion of ground forces, the rapid dis-
placement of both men and materiel on the nu-
clear battlefield, and the efficient use of nuclear
weapons are all affected by the weather. There is
an urgent requirement for meteorological infor-
mation within the field army, and accurate meteo-
rological information must be obtained in more
detail over increasing areas for dissemination to
all commands. The accomplishment of this task is
a joint responsibility of the Air Weather Service
of the U.S. Air Force and the meteorological ser-
vices organic to the field army. The discharge of
this joint responsibility is directed by AR
115-10/AFR 105-3. The artillery meteorologist is
not expected to make weather forecasts since
forecasting is an Air Weather Service responsi-
bility. However, he should be able to distinguish

GENERAL

major types and changes of weather which will
affect the validitv of a meteorological message.

6. The Sun and the Earth

The sun is the original source of heat energy for
both the surface of the earth and the earth’s at-
mosphere. All changes and motions in the atmo-
sphere are caused directly or indirectly by the en-
ergy radiated from the sun. There are two mo-
tions of the earth which affect the weather. First,
the rotation of the earth on its axis each 24 hours
causes day and night and produces the major
wind belts of the earth. Second, the earth re-
volves in an elliptical orbit about the sun at a ve-
locity of 29.8 kilometers per second, making one
complete revolution per year. The average dis-
tance between the sun and earth is approximately
148,998,400 kilometers, being least in December
and greatest in June. The seasons result from the
fact that the axis on which the earth rotates is
tilted at an angle of 2314° from a perpendicular
to the plane of the earth’s orbit. During the
northern hemispheric summer, the North Pole
tilts toward the sun and days lengthen for all lo-
cations in the Northern Hemisphere. During the
northern hemispheric winter, the North Pole
points away from the sun and colder tempera-
tures prevail owing to the shorter duration of
sunshine and the effect of the sun’s rays striking
the earth at a more acute angle. Twice a year,
during the fall and spring equinoxes, the sun’s
rays fall equally on both hemispheres with day
and night of equal duration everywhere on the
earth. During the year (365!, days), the earth
loses approximately the same amount of heat it
receives from the sun. During the spring, the
Northern Hemisphere gains more heat than it
loses. This accumulation of heat continues until
late July, when maximum warmth is reached,
then slowly diminishes until late August. During
the fall, the northern hemisphere loses more heat



than it receives and begins to cool. The entire pro-
cess is like starting a fire in a stove. Initially the
roaring fire heats the room rather slowly, but the
room remains warm for a considerable time after
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the fire has died down. This heat lag phenomenon
also accounts for the fact that the warmest time
of day is usually about 1500 hours and not at
noon when the sun’s rays are most direct.

Section ll. THE EARTH’S ATMOSPHERE

7. Composition

a. The earth’s atmosphere is a mixture of
transparent gases extending from the surface of
the earth upward. Its exact upper limit is not
known but is estimated to be well above 1,000 kil-
ometers. The composition of this sea of air, which
clings to the earth’s surface because of the force
of gravity, is nearly uniform from place to place
throughout the world, with the exception of its
moisture content. This is to be expected, since
continual mixing occurs as the wind blows, and
the surface is heated by the sun, then allowed to
cool. Rather surprising though is the fact that
this mixture is nearly constant up to 80 kilome-
ters, the beginning of the thermosphere. The at-
mosphere thins out with elevation so rapidly that
approximately one-half of its weight is packed
into the lower 6 kilometers.

b. The two most abundant gases of dry air are
nitrogen, which accounts for nearly four-fifths of
the total, and oxygen, which accounts for the
other one-fifth. Carbon dioxide, argon, ozone, and
various other gases make up approximately 1
percent of the permanent gases of the atmo-
sphere. The air encountered in nature also con-
tains a variable amount of invisible water vapor
which is normally concentrated in the lower part
of the atmosphere. From the standpoint of
weather, water vapor is the most important con-
stituent of the atmosphere. Clouds, fog, rain,
and snow can form only as a result of this vapor
changing into water droplets or ice crystals. The
atmosphere also contains literally billions of min-
ute foreign particles, such as dust, combustion
products, and salt from sea spray. These particles
are referred to as condensation nuclei due to the
condensation of water vapor upon them to form
clouds and fog. The majority of these solid parti-
cles are microscopic salt crystals suspended in the
lower layers of the atmosphere.

8. Vertical Structure of the Atmosphere

The atmosphere is normally depicted on charts as
being divided into layers, each of which possesses
certain distinctive characteristics. Thermal char-
acteristics are used, in this manual, to divide the

atmospheric model (fig 1) into layers. The data
above 20 kilometers, while not official, are taken
from a Department of Commerce document

"known as the U.S. Extension to the ICAQ Stan-

dard Atmosphere.

a. Troposphere. The turbulent layer nearest
the surface of the earth, in which practically all
storms and clouds occur, is called the tropos-
phere. This layer contains most of the mass of
the atmosphere (about three-fourths) and is
characterized by an approximately linear de-
crease of temperature with height. The thickness
of the troposphere varies with the season of the
year, the latitude, and the current weather situa-
tion, the average thickness being about 18 kilo-
meters in equatorial regions and 8 kilometers in
polar regions. The rate of decrease of tempera-
ture with height is known as the lapse rate. The
standard tropospheric lapse rate is about 6.5°
Celsius (Centigrade) per kilometer, but, on a
particular occasion, the lapse rate may differ con-
siderably from the standard.

Note. This lapse rate was agreed upon at the Ninth
General Conference on Weights and Measures in 1948 and
under standard conditions is defined in the Glossary of
Meteorology.

Strong vertical and horizontal movements of air
are developed within the troposphere with wind
speed generally increasing with height. The top
of the troposphere is known as the tropopause,
and it defines a boundary above which normal
convective activity is restricted. The tropopause
is usually identified by a temperature of about
minus 56° Celsius and a significant change in
lapse rate. The troppause was once thought to
be continuous from the equator to the poles but it
is now known to have occasional breaks and over-
laps resulting in a multiple tropopause in some
instances. These breaks are important in connec-
tion with jet streams, paths of high-velocity
winds, which are usually located near these dis-
continuities in the tropopause. Jet streams, dis-
covered during World War II, may contain winds
of 220 knots or more at their core.

b. Stratosphere. The layer immediately above
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Figure 1. Thermal structure of the atmosphere.

the tropopause is called the stratosphere and is
characterized by an almost complete lack of
clouds and by relatively little turbulence. There
is sufficient mixing in the stratosphere, however,
to prevent the heavier gases from concentrating
near the bottom. The lower part of the strato-

sphere, from the tropopause up to about 25 kilo-
meters, is characterized by a slight increase of
temperature with height (inversion) or by an es-
sentially isothermal lapse rate. Within the upper
part of the stratosphere, the temperature rises
about 5° Celsius per kilometer and reaches a



peak in the vicinity of 50 kilometers. This warm
region lies near the top of a thick layer contain-
ing ozone and is the result of absorption of ultra-
violet radiation from the sun by the ozone. The
total ozone in the atmosphere at normal sea level
temperature and pressure would form a layer
only 3 centimeters thick. The temperature at the
stratopause (or top of the stratosphere) is
roughly equivalent to that at the earth’s surface.

¢. Mesosphere. The mesosphere lies above the
stratosphere and is a turbulent layer in which
the temperature decreases with height. The tem-
perature at the top of the mesosphere, known as
the mesopause, is colder than that at the tropo-
pause, reaching a minimum of approximately
minus 100° Celsius. Noctilucent clouds, the high-
est clouds known, are formed near the meso-
pause. The relentless bombardment of the thinly
scattered air molecules by radiation from the sun
causes noticeable ionization within this layer of
the atmosphere. The lowest of these ionized re-
gions is known as the D region and has the abil-
ity to reflect low frequency radio waves. The ion
density of these regions generally increases with
-height above 60 kilometers and goes through a
large diurnal variation.

d. Thermosphere. The layer immediately above
the mesopause is called the thermosphere. Tem-
perature in this layer increases with height and
may have a negative lapse rate (inversion) as
great as 20° Celsuis per kilometer. Rocket re-
search vehicles indicate that the temperature
may reach 2,300° Celsius at the thermopause, the
top of the thermosphere. Oxygen molecules in the
thermosphere are gradually dissociated into oxy-
gen atoms by energy from the sun. Gases in this
upper region are not well mixed and several
bands of ionized air are known to exist in the
thermosphere. The phenomenon in the Northern
Hemisphere known as the aurora borealis, or
northern lights, occurs in the thermosphere. The
auroras are believed to be produced by an influx
of charged particles from the sun which collide
with oxygen and nitrogen molecules; the excita-
tion of the molecules causes them to emit light.

9. Transfer of Heat in the Atmosphere

The source of the earth’s energy is the sun,
which emits both heat and light much the same
as an electric radiant heater. This radiant energy
from the sun travels with the speed of light for
approximately 148,000,000 kilometers through
space to the earth, The energy which reaches the
earth is partially reflected back into space and
partially absorbed. The absorbed energy is con-
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verted into heat, which is used by the earth-atmo-
sphere system. An important fact is that the
sun’s energy warms the earth’s surface without
appreciably heating the bulk of the earth’s atmo-
sphere through which it passes. The distribution
of temperature in the troposphere is controlled
primarily by the heating and cooling of the
earth’s surface, together with the subsequent
convective activity. The manner in which air tem-
perature changes horizontally, vertically, and
with time, largely governs both weather and
upper winds. Since the role that heat plays in the
production of weather is of vital importance, an
understanding of the various ways by which heat
is transferred from one place to another is neces-
sary. The three physical processes of heat trans-
fer are conduction, convection, and radiation.

a. Conduction. Conduction is the transmission
of energy within a substance by means of inter-
nal molecular activity, without any net external
movement of the substance. For example, when
the end of a poker is held in a fire, the heat is
transmitted from the hot to the cool end. The
thermal conductivity of different substances var-
ies widely. As a rule, metals are good conductors
and gases are poor conductors. In the atmo-
sphere, heat is transferred by conduction to and
from air which comes in contact with the earth’s
surface. Since the atmosphere is a gas, it is a
poor conductor and only the lower layers next to
the surface are affected by conduction. The
amount of heat transferred by conduction in the
atmosphere is negligible when compared to that
transferred by convection and radiation.

b. Convection. Transfer of heat by means of
physical movement of the medium through which
the heat is transferred is known as convection. In
meteorology, convection is a term used exclu-
sively to denote vertical air motion, and the
transfer of heat by horizontal movement of air is
referred to as advection. Large quantities. of heat
are continually transferred through the atmo-
sphere by means of convection and advection. The
advection process is primarily responsible for the
day-to-day changes in the weather. The motion of
the atmosphere is quite complex and does not fol-
low a consistent, steady pattern. The layer of air
in contact with the surface is warmed by conduc-
tion during daylight, which causes it to expand
and become less dense. The less dense air rises
and is replaced by cooler air from above, thus
creating a convective cell similar to that about an
open fire, On a small scale, this vertical motion is
generally called turbulence and is quite irregular
due to unequal heating and cooling of various

7
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types of terrain. On a large scale, the vertical mo-
tion in conjunction with the horizontal motion
carries excess heat from equatorial regions to the
cooler areas at higher latitudes. This mass trans-
fer of heat by means of large scale movement of
the atmosphere is essential in the overall heat
balance which produces the climates of the
world.

¢. Radiation. Radiation is the transfer of heat
energy by wave-like motions, similar to radio or
light waves, through space without the aid of a
material medium. This process is practically in-
stantaneous, since radiant energy travels at the
speed of light (299,274 kilometers per second).
Radiation is the process whereby heat is trans-
ferred from the sun to the earth. The primary
method of describing radiation is by its wave-
length. All radiation travels in a straight line.
The earth and its atmosphere actually receive
only a small fraction of the total energy radiated
from the sun. The energy that reaches the earth’s
atmosphere is partially scattered or absorbed by
the atmosphere and partially reflected and ra-
diated back into space by clouds and the surface
of the earth. The fraction of the incoming radia-
tion which is reflected back into space is called
the albedo. The albedo for the earth-atmosphere
system under average conditions of cloudiness is
about 40 percent. All objects receive and emit ra-
diation in varying amounts. The amount of heat
energy emitted depends primarily on the temper-
ature of the radiating body. The higher the tem-
perature of any substance, the more radiation it
sends out. The sun, having an estimated tempera-
ture of 6,000° Kelvin (para 1la), emits most of
its energy in the form of a short-wave radiation
(the higher the temperature of a substance, the
shorter its wavelength of maximum energy emis-
sion). Approximately half of the sun’s radiation
is within the visible range of wavelengths; that
is, it can be seen by the human eye. Visible light
lies between the ultraviolet (shorter wave-
Jlengths) and the infrared (longer wavelengths)
portions of the energy spectrum. The solar en-
ergy absorbed by the earth is reradiated from the
earth in the form of long infrared waves, since
the earth’s average temperature is in the vicinity
of 288° Kelvin. The earth’s atmosphere is virtu-
ally transparent to the short wave solar radiation
but readily absorbs most of the outgoing long
wave terrestrial radiation. Thus, the atmosphere
is similar to a greenhouse in that it allows a
large amount of solar energy to pass through to
the earth and holds the heat in by absorbing the
outgoing terrestrial radiation. Water vapor in the

air is primarily responsible for the absorption of
the long wave terrestrial radiation. The atmo-
sphere is heated by the processes of ‘conduction
and convection and by its ability to absorb outgo-
ing terrestrial radiation.

10. Atmospheric Pressure

Since the atmosphere is a mixture of gases, it is
quite natural to think of air as being very light
in weight; however, the total weight of the entire
atmosphere is tremendous. If the entire weight of
the atmosphere were replaced by an equal weight
of water, the water would cover the entire sur-
face of the globe to a depth of 10 meters. The
weight of the air pressing down on itself, so to
speak, produces atmospheric pressure. Atmos-
pheric pressure is more specifically defined as the
weight of a column of air of unit cross section
which extends upward from the level of measure-
ment to the top of the atmosphere. It is apparent
from this definition that atmospheric pressure al-
ways decreases with an increase in altitude (fig
2). Thus, surface pressure normally decreases as
the altitude of the measuring station increases,
since the length of the air column above the sta-
tion becomes less. The rate of change of pressure
with altitude is directly proportional to air den-
sity. This relationship is expressed mathemati-
cally by the hydrostatic equation. Pressure also
varies in the horizontal. Pressure values are con-
tinuously changing (both in space and with time)
primarily because of changes in air density
brought about by the variations in temperature
and moisture content of the air. Atmospheric
pressure is measured by means of either a mer-
curial or an aneroid barometer. Although less ac-
curate than the mercurial barometer, the aneroid
barometer is normally used in mobile weather
stations because it is portable and durable. Pres-
sure may be measured in terms of pounds per
square inch (psi), millimeters (mm) of mercury,
or millibars (mb.). The millibar unit of pressure
is commonly used by the military and most coun-
tries of the world. Standard sea level pressure is
assumed to be 1013.25 mb. or 760 mm of mercury.
A useful conversion factor to remember is that 1
mb, is equal to 0.75 mm of mercury or 0.029 inch
of mercury.

11. Temperature

Air temperature is a measure of the internal en-
ergy which the air possesses. In the atmosphere,
this energy causes the air to expand and become
less dense. Thus, when a parcel of air is heated, it
becomes lighter than the air surrounding it and
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Figure 2. The decrease of atmospheric pressure with
an increase i altitude.

rises. Air next to the ground tends to assume the
temperature of the surface with which it is in
contact. The temperature of the surface is mainly
determined by the type of terrain and the amount
of solar radiation available for heating purposes.
The air temperature at any particular location
also depends on the previous trajectory of the air.
Generally speaking, surface air from high lati-
tudes is cold and that from low latitudes is warm.
Since the atmosphere receives most of its heat
from terrestrial radiation, temperature normally
decreases with height through the troposphere.
This change of temperature with respect to
height is called the lapse rate. The standard lapse
rate within the troposphere is approximately
6.5° Celsius per kilometer. Under certain condi-
tions, a layer of the atmosphere may have a tem-
perature increase with height. This condition is
known as an inversion and may occur at any
height in the atmosphere. An inversion just
above the ground is quite common during the
early morning hours after a clear calm night.
This is because the earth’s surface has cooled
during the night due to its loss of heat through
terrestrial radiation with no compensating heat
gain from the sun. The base of a well-developed
inversion acts as a lid or deterrent to vertical air
motion. The tropopause is an outstanding exam-
ple of this phenomenon. Distinct layers of dust,
fog, and smoke as well as low stratus type clouds
are generally associated with inversions. Some-
times the temperature within a layer of air re-
mains constant with height. The lapse rate in
this case could be zero, and the layer is said to be
isothermal.

a. Three scales are in general use for express-
ing air temperature—the Fahrenheit scale, the
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Celsius scale, and the Kelvin scale. These scales
may be distinguished by the values on each scale
which are assigned to the melting point of pure

. ice and the boiling point of water at standard sea

level pressure. On the Fahrenheit scale, 32° is
the melting point and 212° is the boiling point.
The Celsius scale has 0° as the melting point and
100° as the boiling point. The third scale was de-
signed for use in scientific equations involving
temperature. To express temperatures in degrees
Kelvin (K), one simply needs to add algebraically
the constant 273.16 to the Celsius reading. The
melting point of ice on the Kelvin scale is
273.16° while the boiling point of water is
373.16°. At 0° K there is no molecular motion.
b. The temperature and pressure of the air are
specifically involved in computing density. These
three variables—temperature, pressure, and den-
sity—are related to each other by the equation of
state (ideal gas law of physics). At constant
pressure, an increase (decrease) in air tempera-
ture will cause a decrease (increase) in density.
Air density is greater near the earth’s surface
and decreases steadily with height. The moisture
content of air is quite variable, and an increase
(decrease) in moisture content causes a decrease
(increase) in air density. In determining air den-
sity, it would be extremely difficult and cumber-
some to compute density changes caused by mois-

-ture variations in the atmosphere. Therefore, an-

other method has been devised for determining
the effect of moisture on air density. This method
consists of using a fictitious temperature, called
the virtual temperature, instead of the actual air
temperature. Virtual temperature is the tempera-
ture which dry air would have in order to be of
the same density and pressure as the actual moist
air. In determining virtual temperature, the pres-
sure is assumed to be constant; therefore, an in-
crease in either the water vapor (moisture con-
tent) or the temperature will lower the density.
Thus, the virtual temperature of moist air is al-
ways higher than the actual temperature. The
difference between these two temperatures be-
comes greater as the moisture content of the air
increases but rarely exceeds 3.5° C.

12. Moisture

a. Water, in one or more of its three states, is
always present in the atmosphere. The oceans,
which cover approximately three-fourths of the
earth’s surface, provide the major source of mois-
ture for the air. Every day the sun’s energy
transforms millions of tons of liquid water into
water vapor by the evaporation process. This

9
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water vapor is then distributed within the atmo-
sphere by air currents. Water vapor represents
only a small precentage of the atmospheric gases
—about 4 percent by volume in very moist air—
and is concentrated in the lower part of the tro-
posphere. Water vapor is, by far, the most impor-
tant constituent of the atmosphere in relation to
weather processes.

b. Experiment has shown that there is an
upper limit to the amount of water vapor that
can be contained in any given volume of air at a
specified temperature. Warm air can hold more
water vapor than cold air. Air is said to be satu-
rated at a particular temperature when it con-
tains this maximum amount of water vapor. This
moisture content of air can be expressed by sev-
eral different terms; however, the term under-
stood by the majority of people is relative humid-
ity. Relative humidity is the ratio of the amount
of water vapor actually present in the air to the
maximum possible amount of water vapor the air
could hold at the existing pressure and tempera-
ture. Relative humidity is expressed as a percent.
When the temperature of moist air increases and
the moisture content remains constant, the rela-
tive humidity decreases, since the capacity of the
air for holding moisture becomes greater. Rela-
tive humidity may be determined by using a psy-
chrometer and psychrometric tables. Another
term frequently used to indicate the amount of
water vapor in the air is the ‘““dewpoint tempera-
ture.” The dewpoint temperature is the tempera-
ture to which air must be cooled, at constant
pressure and constant water vapor content in
order for saturation to occur.

13. Clouds

a. Most weather phenomena are associated ei-
ther directly or indirectly with clouds. Therefore,
an understanding of the significance of certain
cloud types will enable observer personnel to
make pertinent and timely decisions on the effect
of weather on operations. Clouds are composed of
millions of water droplets and/or ice crystals sus-
pended in the atmosphere. Clouds are formed
when water vapor in the air condenses. It is evi-
dent that if no water vapor were present, clouds
could not exist.

b. When the air in contact with the earth’s sur-
face is not saturated, some of the water from the
surface gradually diffuses into the air as gaseous
water vapor. This evaporative process continues
until a state of equilibrium exists between the
vapor pressure of the liquid and the partial pres-
sure exerted by the water vapor in the air. En-
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ergy is required to change water into water vapor
and is primarily supplied by solar radiation.
About 600 calories of heat are needed to evapor-
ate 1 gram of water at 20° Celsius. It is esti-
mated that approximately one-half of the sun’s
energy that strikes a water surface is used in the
evaporation process. The rate of evaporation de-
pends specifically on the dryness of the air above
the surface, the speed of the wind, and the tem-
perature of the moist surface (fig 3).

¢. Condensation, as the term is normally ap-
plied to the atmosphere, is the process whereby
gaseous water (water vapor) is changed into
small droplets of liquid water. In order for con-
densation to occur, there must be something pre-
sent in the atmosphere upon which the water
vapor can condense, Literally billions of minute
particles exist in the atmosphere resulting from
ordinary dust, combustion products, and sea salt
crystals. Clouds and fog are formed by the con-
densation of water vapor upon these particles,
which are known as condensation nuclei. Conden-
sation may result from either lowering the tem-
perature, or decreasing the pressure, or from the
addition of more water vapor to the air. In the at-
mosphere, condensation (fig 3) normally occurs
when warm moist air rises and cools by expan-
sion. Frontal activity, terrain features, and un-
equal heating of land and sea surfaces cause the
air to rise or to be lifted. During the process of
condensation, the heat which was originally ab-
sorbed by the water vapor during evaporation is
released. Hence, condensation by itself tends to
increase the temperature of the surrounding air.

d. Precipitation is visible moisture, either lig-
uid or solid, which falls from a cloud to the sur-
face. Clouds do not always produce precipitation,
since the initial water droplets are extremely
small and simply float in the atmosphere. Visible
moisture may fall from clouds without reaching
the earth’s surface, because on many occasions it
evaporates before reaching the surface. Precipi-
tation occurs when the cloud particles become so
large that the pull of gravity overcomes the

-bouyant force of the surrounding air in the cloud.

The size of cloud droplets may be increased by
collisions with other droplets or by the freezing
of supercooled water droplets on ice crystals. Ice
crystals grow quite rapidly as additional super-
cooled water freezes on them. The term ‘“super-
cooled” is used to designate liquid moisture which
exists in the atmosphere at temperatures below
0° C. The cloud particles (liquid or ice) may con-
tinue to grow by colliding with smaller particles
during their fall to the surface. When the tem-
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perature of the atmosphere between the cloud
and the surface is above freezing, these falling
particles probably will reach the ground as liquid
precipitation, although frozen precipitation may
occur at relatively high surface temperatures. If
the temperature is at or below 0° C., the falling
particles usually reach the ground as sleet or
snow. If.strong vertical currents are present
within the cloud, the water droplets or ice crys-
tals are carried to great heights. The particles in-
volved in strong updrafts may become quite large
before falling to the ground as large raindrops or
hailstones.

e. Clouds are classified according to their ap-
pearance and the physical processes which prod-
uce them. All clouds, according to their shape,
fall into two general categories: cumuliform (cu-
mulus) and stratiform (stratus). Cumulus means
heaped or accumulated, and cumulus clouds are
always formed by rising air currents. Local
showers may be the only result of cumulus
clouds; however, severe thunderstorms and ex-
tremely strong vertical air currents are usually
associated with cumulonimbus clouds. The tops of
cumulus clouds may rise or fall at a rate ap-
proaching 300 meters per minute. Stratus, or
sheetlike, clouds are formed when a layer of air
is cooled below its saturation point without pron-
ounced vertical motion. The vertical thickness of
stratiform type clouds may range from several
meters up to a few kilometers. Precipitation, if
any, from stratiform clouds is generally contin-
uous with only gradual changes in intensity and
covers a relatively large area. Cumulus and stra-
tus clouds may be further classified by altitude
into four families: high, middle, low, and tower-
ing clouds. Cloud bases of the towering family of

FM 6-15

clouds may be as low as the typical low clouds,
but their tops may extend to, or even above, the
tropopause. The mean heights of clouds shown
in figure 4 are to be use as a guide only for
land stations in temperate latitudes.

(1) Below 2,000 meters. When the bases of
clouds are lower than 2,000 meters above the sur-
face of the earth, the clouds are generally desig-
nated as cumulus or stratus, unless they are prod-
ucing precipitation. A low cumulus or stratus
cloud from which rain is falling is normally a cu-
mulonimbus or nimbostratus cloud. Nimbus
(nimbo) means rain cloud. Another common low
cloud, with some of the characteristics of both
cumulus and stratus clouds, is designated strato-
cumulus.

(2) Between 2,000 and 6,000 meters. The
word “alto” generally precedes the basic cloud
name to designate clouds at intermediate heights.
Altocumulus and altostratus clouds are in this
category. :

(3) Above, 6,000 meters. Clouds formed in
the upper levels of the troposphere, that is, above
6,000 meters, are composed of ice crystals and
generally have a delicate appearance. These
clouds are designated as cirrocumulus and cirros-
tratus. At still greater altitudes, a fibrous type of
cloud which appears as curly wisps and is com-
posed of ice crystals, is designated as cirrus.

14. General Circulation

a. The temperature differences which exist
between various locations on the earth prod-
uce pressure changes which initiate all air motion
in our. atmosphere. When the wind blows, a defi-
nite set of forces are acting on the atmosphere,
causing the air to move with respect to the sur-
face of the earth. The forces which are exerted
on the atmosphere are gravity, the pressure gra-
dient force, friction, and the apparent force (Cor-
iolis force), which is due to the rotation of the
earth. The pressure gradient force tends to move
air from high to low pressure. Since pressure de-
creases with altitude, an upward force exists.
This upward force caused by the vertical pres-
sure gradient is counteracted by the force of
gravity which is always directed toward the cen-
ter of the earth. When these two forces are un-
balanced, vertical air currents result. Vertical air
motion may occur over large areas where the
mean vertical velocities are generally less than
0.2 knot. Vertical air motion which is restricted
to a small column (updraft) may have velocities

greater than 20 knots. Pressure also varies in the

horizontal, producing horizontal pressure gradi-
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ents, which tend to displace the air in the direc-
tion of lower pressure. Although vertical air
motion is important in cloud formation and
weather, the large-scale wind systems throughout
the world consist primarily of horizontal air
motion. If the earth did not rotate, the
air would always move directly toward lower
pressures. The earth’s rotation causes a deflective
force, which acts at a right angle to the direction
of the moving air and tends to balance the pres-
sure gradient force. This deflective force (Cor-
iolis force) causes moving air to deflect to its
right in the Northern Hemisphere and to the left
in the Southern Hemisphere. The Coriolis force is
proportional to the speed of the air and to the
sine of the latitude at which the air movement is
occuring. Thus, for the same wind speed the Cor-
iolis effect on air motion increases with latitude,
being maximum at the poles and zero at the
Equator. The horizontal wind is a result of quasi-
balance between the pressure gradient force and
the deflective force and will blow in a direction
generally perpendicular to these forces (the pres-
sure gradient force acts to the left looking down-
wind, and the Coriolis force acts to the right).
The direction of wind is defined as the direction
from which the wind blows. When the pressure
gradient and the Coriolis forces are exactly bal-
anced for horizontal straight line flow and fric-
tion is neglected, the resulting motion of the air
is known as the geostrophic wind. The geos-
trophic wind blows in a straight line parallel to
lines of constant pressure (isobars), with the
spacing between the isobars inversely propor-
tional to wind speed. Friction caused by air move-
ment over the surface of the earth is effective in
decreasing the wind velocity in approximately
the lower 600 meters (the friction layer) of the
troposphere. Above the friction layer the actual
wind (averaged over large areas) is very close to
geostrophic. Within the friction layer, the de-
crease in wind speed reduces the Coriolis force so
that the pressure gradient force becomes domi-
nant and the wind will blow across isobars to-
ward low pressure.

b. Around the earth near the equator lies a
belt of hot air laden with moisture from the
ocean surfaces. This equatorial air, being lighter
(due to the high temperature and high water
vapor content) than the surrounding air, expands
and rises. The equatorial zone is known as the
doldrums, since the predominant motion of air
- near the surface is vertical and horizontal winds
are weak and variable. The following relatively
simple average atmospheric circulation pattern,
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caused by the sun, would exist if the earth did
not rotate and its surface were uniform. The ris-
ing air of the doldrums flows poleward aloft and
converges in the polar regions. As the air travels
away from the equator, it becomes more dense
due to adiabatic cooling, loss of moisture as it as-
cends, and loss of heat by radiation into space.
The cold dry air sinks to the surface at higher
latitudes and begins to travel toward the Equator
in the lower levels along the earth’s surface. If
this were the only circulation pattern, low pres-
sures would exist in the vicinity of the Equator
and high pressures in polar regions.

¢. Since the earth rotates from west to east,
the Coriolis force causes the air to be deflected to
its right in the Northern Hemisphere. Thus, the
air that rises over the hot regions near the Equa-
tor turns poleward and is deflected to the right
becoming a west wind near 30° north latitude
(fig 5). By the time the air reaches this latitude,
it has become dense, and some of it descends to
the earth’s surface and causes a high-pressure
belt known as the subtropical high. The descend-
ing air is compressed, heated, and spread out in
both northerly and southerly directions near the
surface. The southward flow of air is deflected
to the right and becomes the northeast trade
winds, and the northward flow of air is deflected
to the right and becomes the prevailing west-
erlies. Only part of the air which flows away
from the Equator settles in the region of latitude
30° north. The remainder of the air continues to
travel aloft toward the pole. This air is quite cold
and dense by the time it reaches the polar region
and sinks to the surface to spread out and start
back toward the equator. The earth’s rotation de-
flects this air to the right causing the polar east-
erlies. The air traveling north from latitude 30°
north and the air traveling south from the north
polar regions meet in the vicinity of latitude 60°
north and form the polar front. The air from
the polar region, being much denser, causes
the warmer air to be lifted until it is caught
in the poleward airflow aloft and carried
on to the polar region. Thus, the cir-
culation pattern has three vertical cells
with three major wind belts at the surface
of the earth (fig 5). With this circulation pat-
tern, low pressure belts exist at the Equator and
latitude 60° north and high-pressure belts exist
at latitude 30° north and in the polar region.
This general atmospheric circulation pattern is
disturbed, however, by the distribution of land
and sea masses over the earth and by topography.
Water heats and cools much slower than land.

13
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Therefore, in early winter the ocean is still rela-
tively warm compared to the colder land temper-
atures, and during the early part of the summer
the ocean is still cold compared to the warmer land
temperatures. This differential heating results in
organized pressure systems which create local
circulation patterns which are superimposed on
the general circulation system previously de-
scribed for the rotating earth. High pressures
form over land during winter and over oceans
during summer; while the reverse is true for low
pressures. One result of this unequal heating phe-
nomenon is a large scale seasonal circulation
known as the monsoon. The monsoon circulation is
best illustrated in eastern Asia where a large land
mass, India, extends into the Indian Ocean. The
climate of India is actually controlled by the mon-
soon circulation. During the summer months in
India the hot land causes low pressure to exist
inland resulting in an on-shore wind which brings
in moisture-laden air from the ocean. This moist
air is mechanically lifted as it travels up the for-
ward slopes of the Himalaya Mountains. Extreme-

Direction of Wind

Figure 5. General circulation.

Figure 6. Orographic thunderstorm,
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ly heavy rainfall occurs in this region during the
monsoon season, particularly in July. On a much
smaller scale this unequal heating causes a daily
circulation pattern along any shoreline. During
periods of fair weather, the land is warmed by the
sun during the day and cooled by terrestrial radi-
ation at night. This creates a sea breeze by day
and a land breeze by night. Differential heating
also causes local circulation patterns to develop in
mountainous regions. The air motion is up the
mountain slope during the day and down the slope
toward the valley during the night. When horizon-
tally moving air is forced to flow over mountains,
the air cools as it rises and condensation may oc-

Section Ill. AIR MASSES

15. General

The weather over a location at a given time de-
pends on either the character of the prevailing
air mass or the interaction of two or more air
masses. A group of Norwegian meteorologists ini-
tiated the idea of describing weather systems by
using the air mass concept. An air mass is a vast
body of air whose physical properties, primarily
"temperature and moisture, are nearly uniform in
the horizontal plane. The transition zone, which
may be quite narrow, between two adjacent air
masses is called a front or a frontal zone, Large,
traveling storm systems are associated with
fronts and greatly affect the weather in temper-
ate latitudes. The basis of the air mass concept is
that air masses retain their identity even after
they have moved a considerable distance from the
region where thiey originally developed.

16. Source Regions

The properties of an air mass are largely deter-
mined by the type of surface over which it forms.
A source region for an air mass is an extensive
portion of the earth’s surface whose temperature
and moisture properties are fairly uniform. In
order to fulfill the requirements of a good source
region, an area should be either all land or all
water where the same air will remain near the
surface and become stagnant. Many regions of
the earth do not fulfill these requirements be-
cause of their distribution of land and water sur-
faces. On the other hand, large snow or ice fields
at high latitudes, large oceans, and large desert
areas adequately meet the requirements and are
called primary source regions. Secondary source
regions exist, but the air masses which form over
them are rather small in extent and become modi-
fied quite rapidly upon leaving the source region.
The time required for a mass of air to acquire the
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cur if sufficient moisture is present. Thus, cumulus
clouds and large amounts of precipitation fre-
quently occur on the windward side of mountain
ranges (fig 6). Thermal or convective turbulence
often occurs over relatively smooth land on a
clear day, as the sun warms the ground and the
adjacent air is heated by conduction. The heated
air will rise, resulting in small vertical air cur-
rents which disturb the horizontal flow of air.
Convective turbulence may also occur when cold
air passes over a warm land or water surface and
becomes warm by contact with the surface and by
radiation.

AND FRONTAL ACTIVITY

properties of an underlying surface varies
greatly with the surface and, in some cases, may
take a period of two weeks.

17. Classification of Air Masses

Air masses are classified according to the type of
surface and the latitude of their source regions.
The type of surface determines the basic mois-
ture properties, while the latitude establishes the
basic temperature characteristics of an air mass.
The two types of surface are continental (land)
and maritime (oceanic). The latitude at which
the air becomes stagnant is either polar or tropi-
cal. Therefore, air masses originating in polar re-
gions over the ocean are known as maritime polar
(mP), and those originating in polar regions over
land are called continental polar (cP). Similarly,
air masses originating in tropical regions over
the ocean are called maritime tropical (mT) and
those originating over land in tropical regions
are called continental tropical (cT). When an air
mass leaves its source region, the state of equili-
brium that existed with the underlying surface
becomes disturbed, and the air mass undergoes a
modification. The degree of modification depends
on the contrast with the underlying surface and
the speed at which the air mass is traveling. The
modification process is important, since it affects
the stability of the air mass, which, in turn, in-
fluences the type of weather that may be ex-
pected. Therefore, the four basic types of air
masses are further identified as warm (w) or
cold (k). This third letter describes the tempera-
ture of the air mass in relation to the tempera-
ture of the surface over which it is moving. For
example, when a cP air mass moves over a
warmer surface it is called a cPk air mass. This
air mass will absorb heat from the surface and
will develop instability in its lower levels because

15
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Figure 7. Trajectories of air massges into the
United States.

cold air is lying on top of a warm surface. This
unstable condition leads to convective activity
and the formation of cumulus clouds which may
provide showers or possibly thunderstorms.

18. Frontal Characteristics

a. General. At the surface, the transition zone,
measured perpendicular to the front, may vary
from 5 to 80 kilometers and is created when air
masses of different basic properties come in con-
tact. This zone is referred to as a frontal surface
.and its intersection with the earth is shown as a
front on weather maps. The frontal surface is not
vertical due to the differing densities of the two
air masses. The colder air, being more dense, will
always wedge under the warmer air mass and
cause the warmer air to be lifted. All true fronts
actually separate distinct air masses of different
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densities. On a weather map a frontal position is
characterized by a distinet change in wind direc-
tion and a kink in the isobaric pattern, with the
kink always pointing toward higher pressure.
The weather associated with fronts is called fron-
tal weather and is more complex and variable
than air mass weather. The type and intensity of
frontal weather is largely dependent on such fac-
tors as the slope of the frontal surface (which is
proportional to the amount of contrast between
the two air masses), the amount of moisture, the
stability of the air masses, and the speed of fron-
tal movement. Because of the variability of these
factors, frontal weather may range from a minor
wind shift with no clouds to thunderstorms, hail,
and severe turbulence. The passage of a front
may cause rather abrupt changes in the meteorol-
ogical elements observed at a given location. The



Direction of
Movement

FM 6-15

Fromul s“"‘uce

Kilometer '

WARM AIR

COLD AIR

Ii—————-——————— 50 to 150 Kilometers --———-—-—-—--—-———————p'

Figure 8. Cold front.

Height-Kilometers
7.5

COLD UNSTABLE AIR

WARM MOIST UNSTABLE AIR

Cumulonimbus

Altocumulus

1.5 ' Cumvuius e -
R T— t”'ﬁ"‘ t
Disection of . - B / K \
Movement e -
; ; J ]} Squal Line 2I‘o

240 160

80 ' 160

Distance-Kilometers

Figure 9. Fast-moving cold front.

magnitude and speed of these changes are factors
in determining the frequency of observations by
an army meteorological section.

b. Cold Fronts. Fronts are classified according
to the relative motion of the warm and cold air
masses. When cold air replaces warm air at the
earth’s surface, it is called a cold front (fig 8). A
slow-moving cold front has a rather gentle slope,

but, as the front accelerates, the slope becomes
steeper (more vertical) near the surface due to
the friction of the terrain. Cold fronts normally
move faster and have steeper slopes than warm
fronts. The advancing wedge of cold air lifts the
lighter warm air mass and produces a relatively
narrow band of clouds. The type of clouds will
depend on the properties of the air masses in-
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volved and the speed of the frontal system. Fast-
moving cold fronts (fiz 9), when lifting moist
unstable air, generate cumuliform clouds that are
slightly ahead of the front. A line of thunder-
storms (squall line) frequently develops parallel
to and some distance ahead of rapidly moving
cold fronts. The slow-moving cold fronts (fig 10)
may have cloud systems which extend to the rear
of the surface position of the front. The clouds
will be primarily stratiform when the warm air
is moist and stable, When the warm air is quite
dry, little or no cloudiness will occur with the
passage of a cold front. At the surface, the pas-
sage of a cold front is characterized by—

(1) An abrupt decrease in temperature.

(2) A marked shift of surface wind, usually
greater than 90°.

(3) A decrease in moisture content of air.

(4) A marked decrease in pressure as the
front approaches and rising pressure after the
front passes.

¢. Warm Fronts. When warm air replaces cold

air at the surface, it is called a warm front (fig
11). The speed of the advancing warm air is

greater than that of the retreating cold air;

therefcre, the warm air flows upward over the
sloping wedge of dense cold air. The force of the
rising warm air slowly pushes the cold air back.
The friction effect of the earth’s surface causes
the slope of the warm front to be very flat. The
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moving cold front.

slope of a warm frontal surface has an average
value of about 1 to 200. With the same winds, the
speed of a warm front is approximately one-half
that of a cold front. The clouds associated with a
warm front are predominantly stratiform and ex-
tend well ahead of the surface position of the
front. The weather depends largely on the stabil-
ity and moisture content of the overrunning air
(fig 12 and 13). Steady precipitation with low
ceilings and limited visibility is normal in ad-
vance of warm fronts. At the surface, the passage
of a warm front is characterized by—

(1) A marked increase in temperature.

(2) A slight shift of surface wind, usually
less than 90°,

(3) An increase in moisture content of air.

(4) A decrease in pressure as the front ap-
proaches and a leveling off or slowly rising pres-
sure after the front passes.

d. Occluded and Stationary Fronts. An oc-
cluded front is formed when a cold front over-
takes a warm front and forces aloft the warm air
which originally occupied the space between the
two fronts (fig 14). There are two types of occlu-
sions—the warm front occlusion and the cold
front occlusion. The type which will occur de-
pends on whether the cold air of the advancing
cold front is colder or warmer than the retreat-
ing wedge of cold air in advance of the warm
front. However, the essential point in both warm
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and cold front occlusions is that two cold air
masses meet and force the warm air aloft, caus-
ing extensive cloudiness. The weather associated
with an occlusion depends on the properties of
the three air masses involved. On occasions, both
warm and cold air masses contain almost equal

amounts of energy and neither can move appreci-
ably. During the period when little or no frontal
movement takes place, the system is known as a
stationary front. The weather associated with
stationary fronts is quite similar to that accom-
panying a warm front.
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Section IV. SYNOPTIC WEATHER

19. General

Accurate weather forecasting depends on contin-
ual observations made by weather stations and
military installations spread over a broad geo-
graphical region. These observations describe the
condition of the atmosphere at specific times and
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locations to include upper air data. The raw me-
teorological data are collected and transmitted by
teletypewriter to weather centrals. Weather data
are transmitted in an international code so that
the exchange of vital weather information can
be accomplished expeditiously between countries.



The observations must be furnished at regular
and frequent intervals in order to provide an ac-
curate and continuous weather picture. A large
geographical network of stations is necessary
gince the weather which may affect one area next
week is being developed today in air masses over
another region of the earth’s surface. A world-
wide network of observation stations operates
under the World Meteorological Organization
(WMO).

20. Synoptic Code

Four times a day (0600, 1200, 1800, and 2400
hours Greenwich mean time (GMT)) each coun-
try transmits by teletypewriter the surface
weather data gathered from a selected group of
its observation stations. The synoptic code which
is used to transmit these data always includes the
station designator and six groups of five numbers
each, which are commonly referred to as the uni-
versal groups. The significance of each figure in
each group is determined by the position of the
figure within the group and by the position of the
group within the format. Other groups of infor-
mation and/or words in plain language may be
transmitted to clarify the mandatory six groups.
When any weather element in the universal
groups cannot be observed, an X is transmitted.
The code is international and completely de-
scribes most weather phenomena. An explanation
of the letters within the universal groups may be
obtained from code manuals available at synoptic
observing stations.

21. The Station Model

The plotting of the surface weather map from
the synoptic data is accomplished for each report-
ing station by use of a station model. This station
model has all the meteorological elements of the
universal groups arranged in a uniform short-
hand system about the station circle (fig 15).
Plotting should always be in ink, preferably
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black, so that the data will not be obscured dur-
ing the analysis. The data about the station circle
must be legible and should be oriented by refer-
ence to the latitude and longitude grid and not by
reference to the edges of the map. Each individ-
ual develops the order in which he plots the data;
however, the wind group should always be plot-
ted first to avoid running the wind shaft through
other figures or symbols. When completed, the en-
tire station plot should cover an area the size of a
dime.

22. Synoptic Chart

The surface meteorological elements, which are
observed simultaneoulsy by the network of re--
porting stations, are plotted to form the surface
synoptic chart or weather map (fig 16). A meteo-
rologist uses the current surface synoptic chart,
together with upper air charts and adiabatic dia-
grams, to prepare a forecast. The first step in an-
alyzing the plotted weather data is to place the
past positions of both fronts and pressure centers
on the map. Isobars, or lines of constant pressure,
are then sketched at prescribed intervals. For
most purposes, isobars are drawn at 3 or 4 milli-
bar intervals; however, for a detailed analysis,
this interval may be reduced to 1 millibar,
Fronts, which always lie in low-pressure troughs,
may be temporarily located from the sketched
isobars. An examination of wind shifts, tempera- .
tures, dew points, cloud patterns, and pressure
tendencies will indicate the true surface position
of the fronts and often will necessitate a slight
change in the isobaric pattern. Other features,
such as fog and precipitation, are then placed on
the synoptic chart in their respective colors so
that the entire weather picture which existed at a
particular hour can be seen at a glance. From the
current chart, the forecaster prepares a prognos-
tic chart, which indicates the expected weather
picture for the next few hours. Generally speak-
ing, the prognostic chart contains the same fea-
tures as the current synoptic chart.
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Figure 15. The station model.
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CHAPTER 3

METEOROLOGICAL REQUIREMENTS OF THE FIELD ARMY

%*23. General
There are five general meteorological require-

ments within the field army. They are climatolog-
ical information, forecasts, surface meteorologi-
cal observations, upper air meteorological obser-
vations, and weather summaries. Current met
data furnished by meteorological units of the
field army may include computer-type meteorol-
ogical messages, ballistic meteorological mes-
sages, sound ranging messages, fallout meteoro-
logical messages, surface observations and upper
air data for Air Weather service, low-level wind
data for rockets, temperature-humidity (TH) in-
dex reports, wind chill factor reports, and data
required by the technical services. An explana-
tion of these reports and the services of the Air
Weather Service (AWS) are described in para-
graphs 212 through 221.

24. Ballistic Meteorology
a. Exterior Ballistics. Exterior ballistics is the

science which deals with the factors affecting the
motion of a free projectile moving through the
atmosphere. A projectile moving in the atmo-
sphere is retarded according to the same physical
- laws regardless of whether it was put into motion
by a gun tube or launcher or was dropped from
an aircraft. Generally, the forces acting on the
projectile are gravity, aerodynamic drag, dy-
namic airfoil, and gyroscopic precession. Al-
though these forces are few, they act and interact
in an extremely complex manner. In fact, an
exact mathematical solution to the motion of a
projectile in space still defies mathematicians.
Terrestrial gunnery does have a practical solu-
tion, however, by application of mathematical ap-
proximations. The application of mathematical
approximations to the motions of projectiles is
the responsibility of ordnance ballisticians. Their
mathematical solutions are given to the artillery
in the form of firing tables. In order to compute
firing tables, ballisticians must assume certain
conditions concerning the problem. These as-
sumptions are known as standard conditions and
include the projectile weight, projectile velocity,
ballistic coefficient, air density, air temperature,

24

and wind. After a ballistician has computed a
trajectory for standard conditions, he recom-
putes the trajectory by allowing one of the as-
sumed conditions to have a value different from
the value of the standard. The effect of allowing
an element to be different from standard is
known as differential effect. Differential effects
are presented in the firing tables as corrections
and include corrections for range wind, cross
wind, air temperature, and air density. To fur-
ther illustrate how differential effects are com-
puted, suppose that a ballistician computes a
trajectory for a 155-mm howitzer projectile for
a range of 8,000 meters using standard condi-
tions. He then recomputes the trajectory (using
the same quadrant elevation), allowing only the
air density to change from standard by +1.0
percent. The difference between 8,000 meters and
the new computed range is the range differential
effect for a 1.0 percent increase in air density.
In this example, the computed range difference
is —17.5 meters. The correction, or unit effect,
published in the firing tables is +17.5 meters.
Any correction applied will be affected by the
weather and ballistic' conditions encountered in
approximately the same percentage as the entire
range. Therefore, corrections may not always
equal effects when the percentage of range lost
or gain is significant. A

b. Standard Atmosphere. When computing
itrajectories, ordnance ballisticians use the ICAO
(International Civil Aviation Organization) at-
mosphere in accordance with international agree-
ment among the NATO (North Atlantic Treaty
Organization) nations.

Note. The ICAO atmosphere was adopted as stand-
ard up to 20 kilometers by STANAG 4044 (NATO),
August 1958.

This ideal atmosphere is fully described in Re-
port 1235, National Advisory Committee for
Aeronautics, and in U.S. Extension to the ICAO
Standard Atmosphere, Geophysics Research Di-
rectorate and Weather Bureau, U.S. Department
of Commerce. The ICAO atmosphere is described
as follows:

(1) Dry atmosphere.



(2) No wind.

(3) Surface temperature of 15° Celsius,
with a 6.5° lapse rate per 1,000 meters up to a
height of 11,000 meters and a constant tempera-
ture of —56.5° Celsius between 11,000 and
25,000 meters.

(4) Surface pressure of 1013.25 millibars,
decreasing with height in accordance with the
equation of hydrostatic equilibrium.

(5) Surface density of 1,225 grams per cubic
meter, decreasing with height according to the

KP

T,
density in grams per cubic meter, K is the con-
stant to adjust units (348.4), P is the pressure
in millibars, and T, is the virtual temperature
in degrees Kelvin.

(6) The pressure, temperature, and density
variations with height are illustrated graphically
in figure 17. For the convenience of computing,
reporting, and applying corrections, the standard
atmosphere is further identified by atmospheric
zones, The atmospheric zones for the various me-

density equation D = , wherein D is the
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teorological messages are illustrated in figure 18.

¢. Ballistic Meteorological (Met) Message. The
task of the ballistic meteorologist is to measure
the parameters of the atmosphere, compare the
current conditions with standard conditions, and
report the variations in terms of percents of stan-
dard. The measurement of upper air parameters
is made by means of a balloon-borne radiosonde,
As the radiosonde ascends, it measures pressure,
temperature, and relative humidity. During as-
cent, the radiosonde is tracked by a rawin set
AN/GMD-1( ). The location of the balloon at
each zone limit, as projected to the earth’s sur-
face, is plotted on a plotting board. From these
plots, the average wind speed and direction for
each of the atmospheric zones is determined. The
computation of these zone winds is a preliminary
step in the determination of ballistic winds.
Upper air pressure and virtual temperature are
plotted on the altitude-pressure-density chart
MIL-574/UM. This chart is constructed so that
zone temperatures and zone densities may be ob-
tained graphically from the sounding curve
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Figure 17. Standard atmosphere.
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Zone structure of the NATO, computer, and fallout
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Figure 18. Structure of atmospheric zones.

through the use of a small plastic scale (scale
ML-573). The general procedure is to determine,
by plotting, the mean zone density and tempera-
ture, and then compare the results with the mean
standard zone density and temperature. Since the
standard atmosphere is assumed to be completely
dry, any moisture in the actual atmosphere must
be taken into account. This is accomplished by
applying a humidity correction to the measured
temperature. This corrected temperature is called
the virtual temperature. The virtual temperature
of moist air is the temperature which dry air at
the same pressure must have in order to have the
same density as the moist air. The conversion of
actual temperature to virtual temperature is ac-
complished graphically on chart ML-574/UM or
by using tables in FM 6-16, Tables for Artillery
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Meteorology. The zone values of wind, density,
and temperature are compared with the standard
zone values, and variations from standard are de-
termined. The variations from standard are then
weighted according to specified zone weighting
factors, and mean weighted quantities are estab-
lished. The mean weighted quantities are the bal-
listic values,

(1) Ballistic wind. Ballistic wind is a wind
of constant speed and direction which would have
the same total effect on a projectile during its
flight as the varying winds actually encountered.

(2) Ballistic density. Ballistic density is a
constant density, expressed as a percent of stan-
dard atmospheric density, which would have the
same total effect on a projectile during its flight
as the varying densities encountered.

(3) Ballistic temperature, Ballistic tempera-
ture is a constant virtual temperature, expressed
as a percent of standard, which would have the
same total effect on a projectile during its flight
as the actual temperature encountered.

d. Weighting Factors. Weighting factors are
used to establish the proportional effect of the
meteorological conditions in each zone upon the
total effect exerted by the atmosphere through
which a projectile passes. These weighting fac-
tors are computed by the ballisticians and are
based on empirical data. To reduce the number of
weighting factors two general categories of-
trajectories have been established—surface to
surface and surface to air. A meteorological sec-
tion may be required to produce both types of
ballistic met messages. In either case, the mes-
sage would be based on the same sounding and
the same zone values, but the ballistic quantities
(except for surface and line 1 of the message)
would not be the same because the difference in
the type of trajectory necessitates a different set
of weighting factors. Appropriate weighting fac-
tors are published in FM 6-16.

e. Ballistic Quantities. Ballistic quantities are
reported to artillery units in the met message.
This message consists of a heading and a body.
The heading identifies the location of the met sta-
tion, altitude of the met station (MDP) (Meteo-
rological Datum Plane), valid time period, and
the station pressure (reported as a percent of
standard). The body of the met message reports
the ballistic quantities for each standard altitude
(top of zone), including the surface. Each line of
the met message reports ballistic data for that
portion of the atmosphere extending from the
surface to the top of the standard zone which cor-
responds to this line number. For example, line 5



of ballistic message contains ballistic values
which represent the atmospheric layer from the
surface to the top of standard zone 5. These
values would be applicable for all trajectories
having a maximum ordinate between 1,500 and
2,000 meters. The zone values for zones 1, 2, 3, 4,
and 5 are weighted and summed to arrive at the
ballistic values for line 5. Coding of the met mes-
sage is further described in chapter 8, which also
contains a sample message.

f. Application of Met Corrections. The impor-
tance of met corrections is sometimes minimized
by artillerymen who prefer to “shoot in” these
corrections by registrations. Registration is the
most accurate method of accounting for nonstan-
dard conditions. However, coupled with the Field
Artillery Digital Automatic Computer (FADAC)
or standard computations techniques, met data can
yield first round hits. Registration is also time-
consuming, expensive, and restricted only to that
portion of the battlefield which can be observed.
World War II statistics revealed that half of the
artillery missions fired were on unobserved tar-
gets, and artillerymen in Korea encountered situ-
ations where the magnitude of the met effect
amounted to 25 percent of the range, making the
application of met corrections a necessity even
for observed fire missions. The application of all
nonstandard conditions to artillery fire are de-
scribed in FM 6-40. To illustrate met effects, a
specific situation is presented: The weapon is a
155-mm howitzer (M109) firing at a target range
of 8,000 meters on an azimuth of 1,600 mils with
charge 5 green bag (muzzle velocity 375 meters
per second). The altitude of the howitzer position
is 310 meters and the altitude of the target is the
same. The first consideration in the met solution
to this gunnery problem is the maximum ordi-
nate of the trajectory. The answer found in Table
A of Part 2-5G, FT 1565-AH-2, is the line num-
ber of the meteorological message which is based
on the maximum ordinate of the trajectory fired
at the tabular elevation. In this case, line 3 of the
met message will be used: Line 3 of the met mes-
sage indicates that the ballistic conditions are—

Ballistic wind __.____.. Blowing from 2,400 mils at
19 knots

Ballistic temperature .. 103.9 percent of standard

Ballistic density _.____ 95.4 percent of standard

The next consideration is the relative height of
the howitzer position with respect to the altitude
of the met station (MDP). The met station is 370
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meters above sea level and the howitzer position
is 60 meters below the MDP. The temperature
and density values must be corrected to account
for this difference. The correction of ballistic
values for height of the howitzer position is made
by reference to the firing tables. For this specific
illustration, the correction for temperature is
+0.1 percent, and the correction for density is
+0.6 percent. The corrected ballistic values for
the howitzer are now—

Winds ... .- _......._ 2,400 mils at 19 knots

Temperature _.___. ... 103.9 + 0.1 = 104.0 percent

Density ... __....__ 95.4 percent + 0.6 = 96.0
percent

It is important to realize that the ballistic zone
structure of the atmosphere must be established
at the firing position. No effort is made to adjust
the ballistic winds for a difference in height be-
tween battery and MDP, because there is no spe-
cific relation between the speed and direction of
the wind and this height difference.

g. Computation. The total effect of any one met
variable is obtained by multiplying the variation
from standard by the unit corrections for this
variable. Unit corrections corresponding to the
charge and entry range under consideration are
obtained frcm the firing tables (charge 5G, entry
range 8000). Figure 19 is an extract irom the
155-mm howitzer firing tables appropriate to the
illustration. The ballistic wind must be resolved
into range wind and cross wind components. This
is accomplished by subtracting the firing azimuth
from the ballistic wind azimuth, after the ballis-
tic wind azimuth has been referenced to the same
azimuth as the firing azimuth (grid). The result
of this subtraction is known as a chart wind di-
rection. Chart wind direction is resolved into
range wind and cross wind components by refer-
ring to the firing tables. In this illustration, the
chart wind direction is 800 mils (2,400-1,
600). By entering Table C (Correction Compo-
nents for a One Knot Wind), with the chart di-
rection of wind, components of a 1-knot wind can
be determined. This resolves into a crosswind of
right .71 and a headwind of .71 for each knot of
wind. For a wind of 19 knots, this resolves into a
headwind of 18 knots (0.71 X 19 knots) and a
right wind of 13 knots (0.71 X 19 knots). The
wind components are expressed to the nearest
whole knot for the remaining correction compu-
tations. Total met corrections are determined as
follows:
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Variation from
Standard Conditions

Increase of 4.0% __.. _____
Decrease of 4.0% _____..___
Head 183 knots . ____._______
Right 13 knots __________._

Met Effect
Temperature ___________
Density ... . ...
Range Wind ____________
Cross Wind ______.____.

In this illustration the range wind correction is
about equal to the combined temperature and
density corrections and the resulting range
correction is —2 meters. The cross wind correc-
tion is equivalent to about 40 meters on the
ground. For detailed procedures see FM 6-40.

h. Computer Met Message. When digital com-
puters are used to solve the gunnery problem, a
special meteorological message is required. The
computer message differs from the ballistic
(NATO) message in that the zoning structure is
different, the zone values are not weighted, and
the weather elements are reported as true values

—252meters . ________.___
—16.6 meters ______________
+12.7 ...

Unit Correction Correction

___________ —100.8 meters
___________ — 66.4 meters
___________ +165.1 meters
___________ R 4.7 mils

instead of a percent standard. Fire direction cen-
ter (FDC) personnel input the met data into the
computer, either by a keyboard or punched tape.
The computer solves the meteorological portion
of the gunnery problem as it computes the ballis-
tic trajectory.

25. Meteorology for Sound Ranging

a. Sound ranging is a process employed to lo-
cate a sound source, such as the firing of a
weapon or the burst of a projectile, by computa-
tion based on the speed and direction of sound
waves from the source. Sound ranging is accom-
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%plished by the sound ranging section of the bat-
teries of the corps target acquisition battalion.
These sections establish bases of microphones
~which pick up sound impulses for transmission to
a central recorder. The sound section personnel
. evaluate the recording and plot the location of
the sound source. The solution is based on the dif-
ferences in times of arrival of the sound wave at
adjacent microphones. The differences in time are
related to the speed of sound and are resolved into
a series of rays, the intersection of which is the
location of the sound source. The variables in the
system are the microphone locations, the wind dis-
placement of the sound wave, and the speed of

sound. Speed of sound is determined by the equa- .
tion V* = K P, wherein V is the speed of sound

d

in meters per second, K is a constant which is’

the ratio of specific heat at constant pressure
to the - specific heat at constant volume of
the gas, P is the air pressure, and d is the
-air density. Density, however, is a function of
pressure and virtual temperature as shown by
the equation in paragraph 24b(5), and the speed
of sound (meters per second) becomes a direct
function of the square root of the virtual temper-

ature: V = 20.06 \/T. (°K.). The meteorol-
ogical data used to solve the sound ranging prob-
lem are wind speed, wind direction, and sonic
temperature (virtual temperature corrected).
b. Each sound ranging section has a limited
capability of measuring the met data required.
The section equipment includes pilot balloon
(pibal) observation equipment, wind plotting
board and equipment, psychrometer, and meteo-
rological tables. With this equipment, the sound
ranging platoon can develop all met data re-
quired. The methods of observation and computa-
tion are described in chapter 12. Artillery ballis-
tic meteorological sections are capable of produc-
ing sound ranging met data from electronic
soundings. The electronic procedures are de-
scribed in chapter 13. The general requirement is
to determine the wind speed and direction in four
layers from the surface to 800. meters and to de-
termine the virtual temperature at a height of
200 meters.

¢. Layer winds are not used dire}:ﬂy in solving'

the sound ranging problem. Layer winds are
weighted and averaged in the same manner as
ballistic winds to compute an effective wind speed
and direction. DA Form 6-48 (Weather Data for
Sound Ranging) is used for computing and re-
porting the sound ranging data. The winds mea-
sured with a pilot balloon by the sound ranging
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section may be more valid than the winds mea-
sured with the rawin set by the ballistic meteo-
rological section because the rawin set may be
farther from the sound base. However, the mea-
surements of the pilot balloon are restricted by
visibility, whereas the measurements made with
the rawin set are not. When required, meteorol-
ogical support for sound ranging can be obtained
from an electronic ballistic meteorological sec-
tion.

26. Meteorology for Fallout Prediction
a. Nuclear detonations at or near the surface

are capable of contaminating large areas with ra-
dioactive material which falls from the cloud
formed by the detonation. The area of fallout
varies in size depending upon the yield of the nu-
clear weapon, the height of burst, and the speed
and direction of the wind. The area of fallout
may further be modified by the presence of natu-
ral precipitation, such as rain, snow, and. hail.
The -consideration of the area of fallout is essen-
tial in planning operations in the field army area,
and the prediction of the area of fallout from
both friendly and enemy bursts is a requirement
of the appropriate fire support agency. The pre-
dictions of fallout from both friendly and enemy
nuclear bursts are a staff responsibility of the

chemical officer and are prepared by the person-

nel of the chemical, biological, and radiological
center or element (CBRE in division, corps, or
army ‘tactical operations center (TOC)).

b. Meteorological data available for fallout
prediction are the average vector winds in each
2,000 meter zone from the surface to a height of
30,000 meters. These data are furnished by artil-
lery ballistic meteorological sections on a fixed 2-
hour schedule. Because high-altitude winds are
less variable than low-altitude winds, the wind
data above 18,000 meters are reported every 6
hours. The average wind for each 2,000-meter
zone is reported to the nearest 1 knot and to the
nearest 10 mils.

‘Yec. The measurements of the zone winds for
fallout prediction are made in the same manner
:as for the artillery zones. The sounding is made
by using a fast-rising or high-altitude balloon
carrying the standard radiosonde. The location
of the balloon at the time it reaches the limit of
each fallout zone is plotted on a board. From the

plots, the travel in each fallout zone i8 measured.

and an average speed and direction are computed.
Fallout winds are not weighted by the met sec-
tion. )

Yed. Artillery meteorological sections report fall-
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out data on DA Form 3676 (Fallout Met Mes-
sage). Artillery meteorological sections in the
army service area forward fallout met data to the
Field Army Tactical Operations Center
(FATOC) by the most expeditious means. Use
of teletypewriter circuits is recommended. The
detailed procedures for producing, encoding, and
transmitting fallout data are described in part
four of this manual.

27. Air Weather Service

a. The Air Weather Service (AWS) of the
U.S. Air Force has the mission of providing
weather forecasts, weather summaries, and cli-
matological reports as outlined in AR 115-10
(AFR 105-8). Climatological information, in-
cluding both climatic summaries and climatic
studies, are made by AWS for the Army, as re-
quired. Air Weather Service prepares forecasts
for the Army on both a routine and special basis.
These forecasts normally cover periods up to 48
hours, but outlooks for 3 to 5 days can be pre-
pared when requested. Forecasts are based on
the information forwarded to the field army by
the worldwide weather service of the AWS and
on met data collected in the field army area by
both AWS personnel and artillery meteorological
sections. :

b. The AWS support of the field army is ac-
complished through an Air Force staff weather
officer (SWOQ) at division, corps, and army head-
quarters. Each SWO is supported by an AWS de-
tachment which includes both observers and fore-
casters. Detachments are linked by communica-
tion lines, installed and maintained by communi-
cation units, which include both teletypewriter
and facsimile facilities. The SWO operates under
the staff supervision of the G2; and at corps and
division headquarters he is also the AWS detach-
ment commander. The SWQ advises the com-
mander and his staff on matters related to
weather. He arranges, through AWS channels,
for climatological studies and summaries re-
quired, coordinates the delivery of routine and
special weather forecasts and weather sum-
maries, and is the liaison officer between the
AWS detachment and the Army element.

%¢. The AWS elements with the field army are
few in number and do not have an upper air
sounding capability. Therefore, surface observa-
tion and upper air data collected by the artillery

meteorological sections are of great importance

to the AWS forecaster. Artillery meteorological
sections are trained to encode surface observa-
tions and upper air data for transmission to the
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nearest AWS detachment. Part five of this man-
ual describes the code used to transmit data to
the AWS and the weather capability and limita-
tions of the AWS system in the field army area.

28. Special Weather Requirements
a. Artillerymen have a requirement for mea-

surement of the low-level winds which affect the
flight of a free rocket during the thrust period.
The primary method of measuring these winds is
by use of a wind measuring set which consists of
an anemometer mounted on a 15-meter mast near
the launcher. The measurements of the compo-
nent winds are transmitted to a remotely located
indicator. Artillery meteorological sections are
capable of assisting rocket launcher crews in
measuring the low-level winds by means of pilot
balloon techniques. The capabilities and limita-
tions of measuring low-level winds by pilot bal-
loon techniques are discussed in chapter 23.

b. For some missiles and rockets, special me-
teorological data are required. It is the responsi-
bility of missile units to make their requirements
known to the nearest meteorological section. Me-
teorological data for missiles may require special
considerations by the meteorological section.

¢. All units within the field army may have a
requirement for special reports, such as tempera-
ture-humidity or wind chill factor indexes. Units
may require both forecasts and current reports.
Forecasts are made by the staff weather officer.
The procedure for making current reports is de-
scribed in chapters 25 and 26.

d. When automatic digital computers are used
to compute ballistic trajectories, weighted ballis-
tic data are not required. In this case, the re-
quirement is for true zone data. The computer is
used to solve the trajectory through the atmo-
sphere reported by the artillery meteorological
section. The manner of reporting the artillery at-
mosphere for computer use is described in detail
in chapter 8.

e. Employment of chemical and biological
weapons in the battle area requires a micro-me-
teorological consideration of the area. The spe-
cific requirements may necessitate a great num-
ber of weather observations by all elements of .
the field army which have a capability to measure
meteorological elements. Such measurements
may include—

(1) Wind speed and direction to the nearest
5 knots and 10 degree increment of azimuth for
different heights from 2 to 300 meters above the
ground.
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(2) Temperature to the nearest 5° F. at the (5) Relative humidity to the nearest 10%.
2-meter level.

(8) Vertical temperature gradient between (6) Precipitation type and quantity.
0.5 and 4 meters above ground. A :

(4) Height of inversion bases and tops be- (7) Cloud cover from low, middle, and high
tween the ground and 300 meters above ground. clouds.

N
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CHAPTER 4

ORGANIZATION, MISSION, CAPABILITIES, AND LIMITATIONS
OF THE ARTILLERY METEOROLOGICAL SECTION

29. Organization

a. The Field Artillery Target Acquisition Bat-
talion Meteorological Section is composed of 1
warrant officer and 17 enlisted personnel as fol-
lows:

Duty position MOS Grade
Meteorology technician 201A WO
Met section chief 93F40 E-7 (NCO)
Met section chief 93F40 E-6 (NCO)
Chief met computer 93F20 E-6
Met equipment mechanic 35D20 E-5
Radiosonde operator 93F20 E-&
Radio TT team chief 05C40 E-5 (NCO)
Senior met computer 93F20 E-5
Met computer 93F20 E-4
Met computer 93F20 E-4
Met computer 93F20 E-4
Met computer 93F20 E-4
Radio TT operator 05C20 E-4
Radio TT operator 05C20 E-4
Met plotter 93F20 E-3
Met plotter 93F20 E-3
Met plotter 93F20 E-3
Met plotter 93F20 E-3

b. Certain tables of organization and equip-
ment (TOE) may modify this section organiza-
tion to meet special requirements.

c. The standard artillery met section is
equipped to operate for a 30-day period without
resupply.

d. The major items of equipment in the opera-
tion of a met section, as listed in TOE 6-576G
are:

1—Barometer, aneroid: M1-333/TM
2—Binocular, 7x50 military reticle
1—Calibrator, frequency, TS-65/FMQ-1
1—Clock, message center

2—Compass, unmounted, magnetic, mil
graduations

1-—Generator set, gasoline engine, 2.5-kw,
60-Hz, 1-phase, AC, skid-, shock-

mounted, PE75

1—Generator set, gasoline engine, 3-kw, DC,
28-volt, skid-shock mounted

1—Generator set, gasoline engine, 10-kw, 60
Hz, 1-3 phase, AC, 120/240 volt, skid
mounted
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1—Machine gun, 7.62mm
1—Meteorological station,
TMQ—4

1—Multimeter, ME-26/U

1—Multimeter, TS-352/U

1—Radio teletypewriter set, AN/GRC-142

1—Radiosonde baseline check set,

AN/GMM-1

1—Rawin set, AN/GMD-1

1—Recording set, weather data, AN/TMQ-5

1—Stop watch

1—Support, radiosonde, MT-1335/TMQ-5

1—Test set, electron tube, TV-7/U

1—Tool kit, radar and radio repairman

2—Trailer, cargo, 3/ ton

2—Trailer, cargo, 1145 ton

1—Trailer, tank water, 400 gallon

2—Truck, cargo, 3/ ton

2—Truck, cargo, 214 ton

1—Truck, van, shop 214 ton

e. The component parts of these major items
are described in the appropriate technical man-
uals. Most of the operating expendables are listed
under meteorological station, manual AN/TMQ-4
and include approximately 5,400 pounds of ma-
teriel,
f. The equipment lists may be modified by ta-

bles of organization and equipment to meet spe-
cific requirements of various units.

manual, AN/

30. Mission

The mission of the artillery met section is to ful-
fill the meteorological needs of the field army by
providing—

a. Ballistic messages. -

b. Artillery computer messages.

c. Fallout meteorological messages.

d. Sound ranging messages.

e. Met data to the Air Weather Service with
the field army.

31. Employment

a. Artillery met sections are assigned as fol-
lows:



One to each infantry, mechanized, armored,
airborne, and airmobile division artillery.

Two to each corps target acquistion battal-
ion.

One to each air defense group armed with
guns.

One to each Honest John and/or Little John
battalion when -assigned to a missile command.
Also, one to each Honest John battalion as an
augmentation when the battalion is operating in-
dependently.

One to each artillery battalion of separate
brigades.

b. It is not expected that either air defense gun
units or missile commands will be employed in
the field army area. Therefore, within a typical
corps consisting of four divisions (fig 20), six ar-
tillery met sections are deployed. Each division
artillery met section accompanies its own division
artillery. The met sections of the target acquisi-
tion battalion are deployed where they can best
support the overall meteorological requirement.
Because of the requirement for fallout meteorol-
ogical messages throughout the field army area,
it is recommended that one met section of the
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corps target acquisition battalion be employed
near the corps rear boundary to produce fallout
data for the rear area. It is recommended that
the other target acquisition battalion section be
employed in the division combat zone where it
can best supplement the division artillery sec-
tions. Such a disposition of sections is shown in
figure 21.

¢. Division artillery met sections are located in
the division artillery zone of action. Meteorologi-
cal section locations are established where the
sections can best sound the atmosphere through
which the trajectories of the division artillery
weapons will pass. The sections should be well
forward and within a command post area where
communication facilities are available. Prevailing
winds, tactical location of artillery units, com-
munication facilities and capabilities, administra-
tive support, and local security are considered in
selecting the position of a meteorological section.

d. One of the met sections of the target acqui-
gition battalion is normally employed in the for-
ward combat area. The second section may be em-
ployed either forward or in the corps rear area,

—XXX

Type
Corps

I | 1 { | |
XX XX X Ll ! XX
Mechanized Infantry Engineer Corps Signal Armor Armored
Division Division Brigade Artil lery Battalion Group Division
' T, |
XX — XX XX
Division Division Other Other Division
. . Support IAdministration .
A A b .
rtillery rtillery Units Units Artillery
LX) (X |
L L L LX)
Meteorology Meteorology L
Section Section Air Defense Artillery : :} J:i';?:; Meteorology
Group Battalions Battalion Section
I
(X
Meteorology
Section

Figure 20. Type corps.

33



FM 6-15

FEBA

(X (X
Met oo Met
Div Arty Met Div Arty
]
FATAB Div Art
;‘ 1 ,’f (Res)’
kiloﬁgters x x g x x ‘x X\__
X X
X X
x /X
(X
Met
\l: FA;AB
y XXX
j= 60 kilometers >

Figure 21. Disposition of met sections.

depending on the meteorological requirements.
Disposition of the sections is made by the corps
artillery commander, who is advised by the corps
artillery met officer. The forward section should
always be positioned where it can best supple-
ment the division artillery sections. This position
may be in the corps artillery command post area,
the target acquisition battalion headquarters
command post area, or the command post area of
any subordinate unit. It is desirable that met
messages be delivered in written form. This may
be accomplished by utilizing radio teletypewriter
nets when possible, The rear section is the net
control station for the corps artillery met radio

34

net. When the second section is operating in the
rear, it normally will have a fallout message re-
quirement only. The rear section is positioned in
any rear area command post which has communi-
cation with either the army artillery operations
center or the army or corps tactical operations
center.

32. Artillery Met Staff Officer

a. The operation of the artillery met system
requires that the artillery commanders at divi-
sion artillery, corps artillery, and army artillery
be continuously informed of the met situation by
the artillery met staff officer. The artillery met



staff officer of the division artillery staff is the
warrant officer of the division artillery met sec-
tion. The corps artillery met staff officer is a com-
missioned officer of the S3 section. He may be as-
sisted by the met officer of the quality control
team at corps artillery.

b. The duties of the division artillery met
staff officer are to—

(1) Supervise the operation of the met sec-
tions to include the production of —

(a¢) Ballistic met messages.

(b) Fallout met messages.

(¢) Met data for artillery computers.

(d) Met data for Air Weather Service de-
tachments.

(2) Provide liaison on met matters with
higher headquarters, adjacent division artiller-
ies, the corps target acquisition battalion, and
Air Weather Service detachments.

(3) Advise the commander and staff on all
artillery met matters.

(4) Advise the headquarters battery com-
manding officer on the selection of positions for
meteorological stations.

(5) Advise and assist the S4 in the procure-
ment of met supplies.

(6) Advise the commander concerning the
allotment of radiosonde frequencies.

(7) Advise and assist the S8 in organizing
and supervising the met training program.

(8) Submit the necessary reports and keep
pertinent records.

¢. The duties of the corps artillery met staff
officer are to—
(1) Supervise the operation of the corps ar-
tillery met sections to include the production of —
(@) Ballistic met messages.
(b) Fallout met messages.
(¢) Met data for artillery computers.
(d) Met data for Air Weather Service de-
tachments.

(2) Coordinate met matters with the divi-
sion artillery met sections within the corps.

(3) Advise the corps artillery commander
and staff on artillery met matters.

(4) Provide liaison on met matters with the
adjacent corps and with army artillery headquar-
ters and the staff weather officer (SWO) at corps
headquarters.

(5) Advise and assist the corps artillery S4
in the logistical support of the corps met system.

(6) Advise the corps artillery communica-
tions officer on the assignment of radiosonde fre-
quencies.
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(7) Advise and assist the S3 in organizing
and supervising the met training program.

(8) Advise the corps S3 on the employment
and operation of met sections within the corps.

d. The duties of the corps artillery quality con-
trol team are—

Y (1) Maintain quality control of the meteo-
rological data in the corps area by checking
samples of the data evaluated by the met sections
within the Corps.

(2) Perform inspections of all met sections
in the corps area at the direction of the corps ar-
tillery met staff officer.

(8) Provide assistance to all met sections in
the corps area on problems of maintenance, train-
ing, and supply.

(4) Act as an advisor to the corps artillery
met staff officer in matters concerning—

(a) Ballistic met messages.

(b) Artillery computer messages.

(¢) Fallout met messages.

(d) Liaison with Air Weather Service.

(e) Scheduling of the corps met observa-
tion schedule.

(f) Coordination of special met require-
ments.

33. Capabilities of Artillery Met Sections

%a. Artillery met sections have the capability of
sounding the atmosphere to heights of 30,000 me-
ters, day or night, and in all types of weather ex-
cept severe surface winds. These sections are mo-
bile and have a mobility compatible with that of
a division artillery headquarters command post.
The sections normally carry a 30-day supply of
expendables and spare parts. Artillery met sec-
tions in a corps area communicate with each
other and exchange met data on the corps artil-
lery met net. Artillery units with the corps ordi-

‘narily will obtain met data by monitoring the:

corps artillery met net at specified times. They
may also obtain met data over either of the two
division artillery command/fire direction nets,
RATT.

b. Met sections are capable of sounding the at-
mosphere approximately every 2 hours. A limit-
ing factor is the period of time required for a
sounding balloon to reach a .required height.
Where requirements for high altitude soundings
exist and several types of messages are required,
met sections are capable of sounding the atmo-
sphere only every 4 hours. A met section in posi-
tion is capable of producing a ballistic message
for light artillery in a minimum time of 30 min-
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utes after the release of the balloon. The maxi-
mum time required to produce a maximum height
fallout message is about 2 hours. In the event of
failure of electronic equipment, sections have an
alternate but limited capability of measuring
upper air winds by observing pilot balloons and
of computing upper air densities and tempera-
tures by using climatological tables in conjunc-
tion with the current surface values of each para-
meter.

¢. All artillery met sections are trained to pro-

duce the following types of messages and data:

(1) Ballistics messages, types 2 and 3.

(2)  Computer messages.

(3) Fallout messages.

(4) Sound ranging messages.

(5) Data for transmission to Air Weather
Service.

(6) Low-level winds for rockets.
Sections are further capable of reporting a vari-
ety of special parameters such as the tempera-
ture-humidity index, wind chill factor, and sur-
face winds. :

wd. When possible, division artillery met sec-
tions should not be assigned the missions of prov-
iding fallout met data or upper air data to the
Air Weather Service. Their primary mission
should be limited to providing met data for use
by artillery firing units and surface observations
data to the Air Weather Service.

e. The second section of the target acquisition
battalion located in the rear area should be as-
signed the missions of providing fallout and Air
Weather Service met data.

34. Scheduling of Met Messages
The scheduling of met messages should be geared

to the needs of the using units. Requirements for
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fallout messages are scheduled by the corps artil-
lery met staff officer. The division artillery 88
publishes a schedule of met requirements for the
division artillery; this schedule is based on the
schedule published by the corps artillery met
staff officer. If there are two or more met sections
in the same area, the corps artillery met staff of-
ficer coordinates the rotates the met require-
ments between the sections.

35. Requests for Met Support
a. In order to insure timely receipt of met in-

formation, the unit requesting met support
should state specifically the information needed
in the initial request. If a ballistic met message
is required, the requesting unit should state the
type of message, the number of lines required, de-
livery time, and method of delivery. Ordinarily,
the number of lines requested should be no
greater than the number required for the maxi-
mum ordinate expected to be fired during the
period of validity of the met message. Also, if
the met information is required for other than a
ballistic met message, the date needed should be
clearly and completely explained in the initial
request. All requests for met support should state
to whom the met data are to be forwarded (ordi-
narily to the S3).

b. Units requesting met support must realize
that it is extremely difficult for a met section to
provide ballistic met messages more frequently
than every 2 hours. Met messages are provided
on time schedules based on Greenwich mean time
(GMT).

%c¢. Requests for ballistic met messages between
NATO forces should follow the standard format
of STANAG 4108 (refer to para 160).
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CHAPTER 5

ADDITIONAL SOURCES OF METEOROLOGICAL INFORMATION

36. Generdl

There are several additional sources of meteorol-
ogical information available to artillery units.
These additional sources include meteorological
units from the various services of member coun-
tries of the North Atlantic Treaty Organization
(NATO), the Air Weather Service (AWS) de-
tachments of the United States Air Force, the me-
teorological agencies of the United States Navy,
and the United States Weather Bureau. Data ob-
tained from these sources may be ballistic, fall-
out, or computer messages in the standard for-
mat or raw unweighted data.

37. Allied Nations Met Message Service
(NATO Messages)

a. During the past several years, considerable
effort has been expended by members of NATO in
the area of standardization. One result has been
the adoption, by NATO members, of the Interna-
tional Civil Aviation Organization (ICAQ) stan-
dard atmosphere (STANAG 4044). The ICAO
standard atmosphere is now used by all services
(Army, Navy, and Air Force) of each member
country. NATO member countries are—

Belgium
Canada
Denmark
Federal Republic of Germany
France

Greece

Iceland

Ttaly
Luxembourg
Netherlands
Norway
Portugal
Turkey

United Kingdom
United States

b. From a meteorological standpoint, this

means that atmospheric data can be freely inter-
changed between NATO member countries, re-
gardless of which service obtained the data, with
the assurance that the same atmospheric stan-
dards were used as a basis for obtaining and re-
porting such data.

38. Air Weather Service Support

Artillery met sections which lose their capability
of making upper air soundings may request
upper air data from the Air Weather Service.
Use of raw data obtained from AWS is described
in chapter 22. The Air Weather Service does not
prepare a ballistic message.

39. U.S. Navy Support

U.S. Marine artillery units have the same meteo-
rological equipment as U.S. Army artillery units
and produce ballistic data the same as Army ar-
tillery met sections. When Army artillery units
are operating with Marine artillery units, they
will receive the standard NATO ballistic mes-
sage. When operating with the U.S. Navy, as in a
landing operation, Army artillery units may ob-
tain ballistic met support from Navy shipboard
met stations in the NATO format. Requests for
meteorological support must be made well in ad-
vance of the time of need.

40. U.S. Weather Bureau Support

The U.S. Weather Bureau, as an agency of the
Federal Government, may be called upon to assist
in the fulfillment of the met requirements of the
Army. Such a requirement would likely occur
only in the continental United States. Requests
for upper air data could quickly be met by any
U.S. Weather Bureau station that normally sounds
the atmosphere. U.S. Weather Bureau stations
normally are not prepared to produce ballistic
data.
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PART TWO

BALLISTIC METEOROLOGY

CHAPTER 6

METEOROLOGICAL OBSERVATION EQUIPMENT

Section .

41, General

The meteorological station, manual AN/TMQ-4
contains the various items of equipment required
to measure and evaluate atmospheric conditions.
Although the station manual is designed primar-
ily for electronic soundings, it also contains the
necessary equipment for the visual technique,
which may be used in the event of an electronic
equipment failure. The items of equipment and
expendable supplies are packed in appropriate
cases and carrying bags. Detailed information on
the station manual is provided in TM
11-6660-218-12 and TM 11-6660-218-25P,

42. Main Components

The main components of meteorological station,
manual AN/TMQ-4 and federal stock numbers
are listed in succeeding paragraphs.

43. Inflation Equipment

The inflation equipment consists of the following
items:

Item Stock Number
Balloon inflation-launcher device, ML-594U 6660-999-2663
Hydrogen-helium volume meter, ML-605U . _6660-999-2661

Hydrogen generator set AN/TMQ-3 .___. 3655-408-4683
Nozzle ML-373/GM _______________.____. 6660—238-3044
Hydrogen regulator ML-193 (or

ML-528/GM) ___ . .. . .. 6685-408—4766
Rod, ground . __.. .. ___ . ____ _____.____. 5975-224--5260
Bracket assembly, antibouyancy _._..___._ 6660-513-0090
Clamp, electrical .. __..._____. .. __ __ 5975-248-5814
Coupling ML-49 ______ . __..______ 4730-408-4628
Can, corrugated, galvanized iron, 32-gallon 7240-160-0440
Tube, rubber ___._ . ____.___ ____. ____. 4725-263-3308
Strap, ground assembly _...._.. .__... __. 6660-513-0109

44, Wind Plotting Equipment

The wind plotting equipment (fig 22) consists of
the following items:

STATION, MANUAL AN/TMQ—4

Item Stock Number
Slide rule ML-14 ______..__ . .. _________ 7520-656-0660
Plotting scale ML-577/UM ______.______. 6660-606-5835
Plotting board ML-122 with rule
ML-126A ... ... . ... 6660-663-4748
45. Temperature and Density Computing
Equipment

The temperature and density computing equip-
ment (fig 23) consists of the following items:

Item Stock Number
Altitude-pressure density chart
ML-574A/UM . ___ _________ ... ___ 6660-926-2285
Zone-height scale ML-573/UM ____._______ 6660—606-5834

46. Surface Observation Equipment

The surface observation equipment (fiz 24) con-
sists of the following items:

Item Stock Number
Anemometer ML—-433/PM (fig 25) __.. ____ 6660-663-8090
Barometer ML-102-( ) (fig 26) __.____. 6685-223-5073
Thermometer ML-352/UM (fig 27) .__.__ 6685-239-4019
Psychrometer ML-224 (fig 28) _.... _.._. 6660-223-5084
Theodolite ML-474/GM (fig 29) ._.... ___ 6660-498-9773
Timer FM-19 (fig 30) - __..___._______. 6645-568-4995
Tripod MT-1309/GM ________. _____._____ 6760-408-4846

47. Wire Communication Equipment

The Wire communication equipment (fig 31) con-
gists of the following items:

Item Stock Number
Telephone Set TA-312/PT (replaces

TA-43/PT) . ___. 5805-543-0012
Head and chest set HS-25-C .. ________.. 5965-162-8179
Reeling machine, cable, hand,

RL-39 with spool DR-8 ____________.__. 3895-498-8343
Cable, telephone WD-1/TT, 400 meters _. 6145-226-8812
Jack JK-b64 ________________ . _______. 5935-199-2455
Headset microphone H-144/U

(mot shown) ____ .. . _________________. 5965-682-2769

48. Technical Manuals

Detailed information on the equipment contained
in station, manual AN/TMQ-4 is provided in the
following manuals:
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Figure 25. Anemometer ML—433/PM.
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(3) Barometer ML-333/TM.
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Section Il. SURFACE OBSERVATION EQUIPMENT

49. Anemometer ML-433/PM

a. Purpose. Anemometer MIL-433/PM (fig
25) is an instrument used for measuring surface
winds. The anemometer provides the means for
measuring both the direction and speed of the
wind at the time the balloon is released.

'b. Description. The anemometer consists of a
wind vane with a removable cover, a velometer, a
magnetic compass, and a removable handle. The
velometer measures the wind speed in knots, and
the 16-point compass measures the wind direction
from magnetic north. An index pin adjacent to an
index mark on the wind vane is used to aline the
vane with the wind direction. The velometer, on
which the wind vane is mounted, has a knurled
range selector knob on the left side and a
screened vent on the right side. Two windspeed
ranges, 0—8 and 0-40, are marked near the knob.
The velometer scale is graduated in knots, the
upper scale from 0 to 40 and the lower scale from
0 to 8. A pointer moves over the scale to indicate

wind speed. Under the velometer is a compass,
which is mounted so that magnetic wind direction
will be read directly when the observer faces the
compass. For other features of the anemometer,
see figure 25.

¢. Use. Wind direction is determined by slowly
turning the anemometer clockwise and counter-
clockwise until the index mark on the vane is
alined with the index pin. Then the wind direc-
tion is read on the compass. The compass reading
is the wind direction in relation to magnetic
north and must be converted to direction in rela-
tion to true north by applying the local magnetic
declination constant. The magnitude of the decli-
nation correction for a particular station should
be determined by the section chief. If a shifting
wind makes reading the compass difficult, two ex-
treme compass readings are averaged. The wind
direction read on the compass, is converted to
tens of degrees from true north; then the degrees
are converted to mils (table 1/, FM 6-16). Refer
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to paragraph 169 (fig 118) for the relation be-
tween compass points and mils. To determine the
wind speed, the index mark on the range selector
knob is set to the appropriate wind speed range,
0-8 (gentle winds) or 0—40 (strong winds). With
the anemometer in the same position in which it
was held to read the wind direction, the wind
speed is read on the velometer scale. The scale
pointer must be viewed at a right angle to avoid
parallax. Note that the wind speed is read in
whole knots. If the pointer fluctuates considera-
bly, the high and low points are read and the two
readings are averaged and recorded.

d. Preventive Maintenance. The cover is kept
on the wind vane when the anemometer is not in
use. A dry brush is used to clean any dust and
grit from the accessible parts or moving ele-
ments, and the surface of the anemometer is
cleaned with a dry, lint-free cloth. Since the com-
pass is magnetic, it should not be placed near any
magnetized objects. Detailed instructions on the
characteristics, maintenance, and adjustments are
in a special booklet issued with the anemometer.

50. Barometer ML-102( )

a. Purpose. The purpose of the barometer (®
and ®, fig 26) is to measure the pressure of the
atmosphere at the meteorological datum plane.

b. Description and Theory of Operation. Artil-
lery meteorological sections are equipped with an
aneroid barometer. In the aneroid barometer is a
small metal cell, exhausted of all but a small
amount of air and sealed so that changes in the
external air pressure cause the cell to expand or
contract. The movement of the cell, magnified
through a gear and linkage system, is indicated
on a dial calibrated in units of pressure, usually
millibars (mb). The accuracy of the pressure in-
dicated is subject to irregularities in the elastic-
ity of the cell, the effect of temperature varia-
tions, and other errors. The random error of the
aneroid barometer is plus or minus 0.3 of a milli-
bar. See TM 11-427 for details of the various
models of barometer MI—102,

¢. Use. The barometer is usually installed in-
doors. It should not be placed in the sun or near a
draft or heat source but in a place where the tem-
perature remains as constant as possible. The ba-
rometer is read in either the horizontal or verti-
cal position, as specified for the particular model.
The plastic window of the dial scale is lightly
tapped just before reading to insure that the
pointer is free to move. The eye is alined over the
pointer so that the pointer reflection in the mir-
ror is obscured by the pointer itself. The pressure
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is read to the nearest 0.1 millibar and recorded to
the nearest 1.0 millibar. When the temperature
correction exceeds 0.1 millibar, as determined
from the temperature correction chart in the ba-
rometer cover, the correction must be applied.

Caution: If the barometer is transported by
air or otherwise undergoes a rapid pressure
change of 100 mb. or more, wait at least 24 hours
before taking a reading. If a met message must
be determined shortly after movement by air, the
barometer may be used if barometric data are not
otherwise available. However, errors may exist in
ballistic density values thus determined, and a no-
tation of this fact should be made on the met mes-
sage form.

d. Preventive Maintenance. The barometer dial
face is cleaned with a damp cloth and occasion-
ally polished with a thin coat of wax. The barom-
eter instrument case should never be opened, and
the parts never lubricated. Every 90 days the
aneroid barometer should be calibrated by com-
paring it with a standard mercurial or aneroid ba-
rometer of known accuracy. When the error is
more than 0.3 millibar, the position of the pointer
is adjusted by turning the adjustment screw. An
average of several pressure readings taken over a
period of several hours will give a more accurate
correction than a single pressure reading. Stan-
dard barometers are found at the field artillery
target acquisition battalion (FATAB) meteorol-
ogical section and at most installations of the Air
Weather Service, United States Air Force.

51. Standard Barometer ML-333/TM
a. Purpose. Barometer ML-333/TM (®, fig 26)

" is issued to a met section of the field artillery tar-

get acquisition battalion for use in calibrating the
barometers in the corps artillery.

b. Description. Barometer MI-333/TM con-
sists of a metal case which contains the aneroid
mechanism shock-mounted in a hardwood mount-
ing case. A padded canvas carrying case is pro-
vided for hand-carrying the barometer. The
metal case containing the aneroid mechanism is
kettle-shaped (8 inches in diameter by 4 inches
deep) and is made of aluminum alloy. A sealed
plate glass cover protects the dial. An opening in
the glass cover permits adjustment of the pointer
without opening the case. This opening is
plugged by means of a threaded metal sleeve with
a flanged top cemented into the glass. The hard-
wood mounting case is 11 inches square by 5
inches deep. The metal case is held in the hard-
wood mounting case by a 10-inch square alumi-
num plate. A valve is mounted on the underside



of the aluminum plate near the lower right-hand
corner, and an air pump is similarly mounted
near the lower left-hand corner of the plate. A
pushbutton, which operates the valve, projects
through to the top of the aluminum plate. The air
pump consists of the barrel and plunger of a
glass hypodermic syringe provided with a suit-
able valve to permit air to be pumped either into
or out of the metal barometer case. The top of the
plunger of this pump projects through the top of
the aluminum plate, thus permitting operation of
the pump when the lid of the wooden mounting
case is raised. Two pieces of rubber tubing con-
.nect the valve and the pump to the barometer
case. The purpose of the valve is to permit the
metal barometer case to be sealed completely
from the outside air or opened to the outside air
so that the pressure in the case will be equal to
that of the outside air. The purpose of the pump
is to provide a means of controlling the air pres-
sure within the metal barometer case when the
valve is closed and the case is sealed from the
outside air.

c¢. Use and Preventive Maintenance. For use
and preventive maintenance, see TM 11-2421.

52. Psychrometer ML-224

a. Purpose. The purpose of the psychrometer
ML-224 (fig 28) is to provide a means for mea-
suring the wet- and dry-bulb temperatures of the
air. From these measurements, the water vapor
content of the air may be determined.

b. Description and Theory of Operation. Psy-
chrometer ML-224 consists of two 9-inch mer-
cury-in-glass thermometeérs of the same type
(general or tropical) mounted on a metal frame
which is attached by means of a small chain to a
wooden handle. The general-type thermometers
are graduated in degrees Celsius from —37° to
+46°. One thermometer (wet-bulb), with the
bulb covered by a small cotton wick to hold
water, is mounted lower on the frame than the
other. As water evaporates, it absorbs a fixed
amount of heat energy. Thus, as the wetted wick
of the wet-bulb thermometer begins to dry, it ab-
sorbs heat from the bulb and causes the wet-bulb
thermiometer to register a lower temperature than
the dry-bulb thermometer. This temperature dif-
ference is termed the wet-bulb depression. The
rate of drying varies with the dryness of the sur-
rounding air, i.e., the relative humidity (RH) of
the air. Dry air (zero RH) causes the maximum
evaporation to occur and, likewise, the maximum
depression. The wet-bulb depression and the dry-
bulb reading are commonly used as arguments to
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enter tables used to obtain the virtual tempera-
ture and relative humidity of the air. See TM
11-6660-222-12 for detailed information on psy-
chrometer ML-224, .

¢. Use. The psychrometer is ventilated in the
shade or an instrument shelter, when possible, to
obtain the air temperature, since direct sunrays
and precipitation cause erroneous readings. The
operator ventilates the psychrometer, as pictured
in figure 32, to eliminate the effect of body heat.
The thermometers are never handled because
hand heat affects the readings. The operator wets
the wick in clean water—in distilled water when
possible or in rainwater that is free of all mi-
neral matter. The operator whirls the psychrome-
ter for about 15 seconds and reads the wet-bulb
thermometer. He repeats the process at 10-second
intervals until the wet-bulb thermometer changes
less than 1° between readings; then he repeats
the process at 5-second intervals until a minimum
wet-bulb reading is reached. He records the wet-
bulb reading and the concurrent dry-bulb reading
to the nearest 0.1° C. The dry-bulb temperature
is the air temperature. When the psychrometer is
used in high temperatures or very dry air, the
wick is wetted thoroughly and a drop of water is
allowed to stand on the bulb for several minutes
to precool it. This precooling permits completion
of the observation before the wick drys out com-
pletely. When the psychrometer is used at tem-
peratures below freezing, the wick is wetted 10 to
15 minutes before use so that the heat of fusion
of the ice will be dissipated before the observa-
tion is made. With the wick frozen in a thin coat-
ing of ice, the operator proceeds with the obser-
vation. After the observation, the wet-bulb de-
pression is determined. This depression and the
dry-bulb reading are used as arguments to enter
the relative humidity chart (chart VIII, FM
6-16) to determine the percentage of relative hu-

midity. The values of relative humidity given in
chart VIII are with respect to water at all tem-
‘peratures. At temperatures above freezing, if the
air is saturated, no evaporation from the wet-
Dbulb thermometer can occur, and the wet-bulb
thermometer reading will be the same as the
dry-bulb thermometer reading. If the air is not .
saturated, the wet-bulb thermometer reading will
be lower than the dry-bulb thermometer reading
and the relative humidity will be less than 100
percent,

d. Preventive Maintenance. The thermometer
tubes are cleaned with a damp cloth and polished
with a clean, dry cloth. The frames are cleaned
by wiping with a solution of sodium bicarbonate;
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Figure 32. Ventilation of psychrometer.

abrasives or acid cleaners are not used. Occasion-
ally, the swivel bearing is oiled and the linkage is
checked for free movement and good condition.
The wet-bulb wick is changed monthly or more
often in areas where there is excessive dust or
other air pollution. Errors due to inaccuracies in
the thermometers can be eliminated by compar-
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ing the thermometer when issued, selecting two
that have readings most nearly the same at the
same temperature, and mounting these two on the
same psychrometer frame. If there is no standard
thermometer available, the reading of the dry-
bulb thermometer should be accepted as correct,
and the reading of the wet-bulb thermometer
should be corrected to that of the dry-bulb ther-
mometer. If a standard thermometer is available,
all thermometers should be compared to deter-
mine the scale error. For detailed information on
maintenance, see TM 11-6660-222-12.

53. Theodolite ML-247 or ML-474/GM

a. Purpose. The purpose of theodolite ML~247
or MI-474/GM (fig 29) is to provide a means of
visually tracking a pilot balloon in flight. The ele-
vation and azimuth scales indicate the angles to
the balloon. Changes in the position of the bal-
loon observed at regular intervals are indicative
of the wind speed and direction.

b. Description. Theodolites ML-247 and
ML-474/GM are identical except for the manner
in which the crosshair is illuminated. The"theo-
dolite is a precision-built optical instrument and
is wusually mounted on tripod ML-78 or
MT-1309/GM. The main components of the theo-
dolite are a tracking telescope, a finder telescope,
and a set of open sights, arranged in conjunction
with the azimuth and elevation scales. The track-
ing telescope of the theodolite has a 20-power
magnification and a 2° field of view; it can be ro-
tated 360° in azimuth and plunged in elevation.
A finder telescope of 4-power magnification and
10° field of view is mounted parallel to the track-
ing telescope in the eyepiece tube. The theodolite
is equipped with a compass and, when properly de-
clinated, can be oriented on true north. The eleva-
tion and azimuth scales are in 1° graduations.
The drum micrometers of the azimuth and eleva-
tion tracking controls are in 0.1° graduations. By
interpolation on the drum micrometer scale, read-
ings may be made to the nearest 0.01.° See TM
11-6675-200-10 for details on operation of the
theodolite.

¢. Use. The theodolite should be located where
there are no obstructions above an elevation
angle of 3°. A windbreak is desirable, since wind
gusts may upset the tripod. The operator must
emplace the tripod firmly in the ground and level
the instrument prior to use. Elevation and azi-
muth readings to a pilot balloon are determined
by tracking the balloon with the theodolite and
reporting the required readings at proper inter-
vals.



d. Orientation Methods. The theodolite may be
‘oriented by compass, survey data, the sun, Po-
laris, equal angles, datum lines, or transference.
" TM 11-6675-200-10 describes each of these
methods. The two most common methods of ori-

entation are by survey data and by compass.

% (1) Orientation from survey data. Orienta-
tion of the theodolite by using survey data is con-
sidered the primary method. When this method
is used, the met section chief coordinates with
the survey personnel who provide the orientation
data. Survey control, when available, consists of
the correct grid azimuth from the theodolite posi-
tion to a fixed reference point and the altitude of
the theodolite to the nearest 10 meters. Orienta-
tion from survey data is more accurate than the
magnetic orientation and should be used as soon
as survey data are available. The theodolite oper-
ator first converts the grid azimuth to true azi-

" muth, then sets the true azimuth on the instru-
ment. He next loosens the azimuth calibration
clamp and sights through his main telescope on
the reference point. The azimuth calibration
clamp is then tightened and the final adjustment
made with the azimuth calibration screw. The
theodolite is accurately oriented on true north.

(2) Orientation by a compass. When the
theodolite is oriented by a compass, the local
magnetic declination is obtained from the survey
information center or from the marginal data of
a map of the area. The magnetic North Pole of
the earth (toward which the north seeking end of
a compass needle points) does not coincide with
the earth’s geographical north pole (true north).
Consequently, a compass seldom indicates the
true north direction but deviates from it by vary-
ing amounts depending on its location and other
factors. The extent of this deviation is known as
magnetic declination, and must be known for a
particular place before a theodolite can be ori-
ented by a compass. The steps for orienting a
theodolite by compass are as follows:

(a) Disengage the azimuth tracking con-
trol and rotate the mounting until the fiducial
marker of the azimuth scale is alined with the
magnetic setting. Then engage the tracking con-
trol. This setting will be 0° plus the deviation for
an East declination (magnetic direction arrow
to the east of true north) or 860° minus the de-
viation for a West declination (magnetic direc-
tion arrow to the west of true north). For ex-

~ ample, if the declination is 5° E, set the fiducial

mark opposite the 5° graduation of the azimuth
scale; if the declination is 5° W, set the mark
opposite the 355° graduation.
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(b) Loosen the azimuth calibration clamp
and lower the lock lever on the side of the com-
pass.

(¢) Rotate the mounting until the com-
pass needle is approximately over the S mark on
the compass face.

(d) Tighten the azimuth calibration
clamp and turn the azimuth calibration adjust-
ment until the needle is exactly over the S mark.

(e) Raise the compass lock lever to its
upper position to secure the internal mechanism.

(f) The theodolite is now oriented on true
north. ’

e. Preventive Maintenance. The theodolite is a
delicate instrument and must be carefully pro-
tected from jarring, dirt, and unnecessary expo-
sure to the weather. Extreme care should be ex-
ercised in removing it from or returning it to the
carrying case. When mounted on the tripod, the
theodolite should not be left unattended for an
excessive period of time. While on the tripod and
not in use, it should be covered with the canvas
hood. The magnetic needle requires declination at
periodic intervals, especially under field condi-
tions where movement is involved. For detailed
instructions, see FM 6-2. The theodolite should
be inspected daily for loose parts, which should
be tightened. For specific instructions on organi-
zational maintenance, see TM 11-6675-200-20.
Details on operator’s preventive maintenance are
contained in TM 11-6675-200-10.

Caution: Care should be taken in adjusting
bl_'ass screws which are soft and easily damaged.

54. Timer FM-19
a. Purpose. The purpose of the timer FM-19

(fig. 30) is to time the flights of pilot balloons so
that the azimuth and elevation angle readings
will be taken at the proper times.

b. Description. The timer FM-19 is a conven-
tional timer with a circular dial graduated from
0 to 60 minutes and marked at 5-minute inter-
vals. It contains a long sweep second hand and a
shorter minute hand. The start-stop and reset
plungers are side by side on the top of the timer.
A latch for rewinding is on the back. The timer is
spring powered and should be wound before each
balloon flight.

c. Use. After the timer is wound, the start-
stop plunger is pressed to insure that the second
hand is functioning properly. The start-stop
plunger is pressed again to stop the hands, and
the reset plunger is pressed. The timer is now

. ready for operation. The start-stop plunger is
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pressed at the instant the pilot balloon is re-
leased.

d. Preventive Maintenance. The face of the
timer should be kept clean at all times to insure
accurate readings. The timer should be handled

Section lll.

55. Balloon Inflation and Launching Device
a. Purpose. Balloon inflation and launching de-

vice ML-594/U (fig. 33) is designed to secure
and protect meteorological balloons during in-
flation and launching. Effective meteorological
forecasting data from many levels of the earth’s
atmosphere is obtained with the help of meteoro-
logical balloons of various types and performance
characteristics. The meteorological balloons are
fabricated of highly elastic compounds which are
easily punctured; therefore, they are highly vul-
nerable to damage during inflation and launch-
ing operations, particularly when these opera-
tions are accomplished during extreme weather
conditions such as strong winds, heavy rain,
snow, ice, or other heavy precipitation.

wb. Use. Balloon inflation and launching device
ML-594/U is a portable inflation shelter and
launching platform designed for use in the field.
It is used with a hydrogen-helium volume meter
. ML~605/U and a compressed gas supply. The de-
vice is used to secure the balloon during inflation
and protect it from extremes of weather,

¢. Preventive Maintenance. Detailed proce-
dures for operation and preventive maintenance
of the ML-594/U and the MI—-605/U are con-
tained in TM 11-6660-288-15 and TM 11-6660-
245-15 respectively.

56. Gases Used for Inflation
Pilot and sounding balloons are inflated with

either hydrogen or helium gas. The met section
has the capability of producing hydrogen in the
field by using calcium hydride charges. Calcium
hydride reacts chemically with water to produce
hydrogen gas. The calcium hydride method of
preparing. hydrogen for inflation of balloons is
essential to self-sufficient operation of the met
section. However, commercial hydrogen and heli-
um have many advantages and should be used if
available. These gases are supplied commercially
in high-pressure, steel cylinders which contain
approximately 200 cubic feet of gas. Regulator
MI-193 (ML-528/GM) (fig. 34), a component of
meteorological station, manual AN/TMQ-4, is

with care in order to prevent jarring which
might damage its operating mechanism. Regular
checks and adjustments should be made by com-
paring the timer with an accurate watch.

INFLATION EQUIPMENT AND BALLOONS

used to reduce the high pressure of the gas in
the cylinder to a suitable pressure for balloon
inflation. The use of commercial gases is more
economical, reduces inflation time, requires no
water, and is more convenient ‘to handle. Com-
mercial hydrogen (Federal stock number 6830-
264-6748) and helium (Federal stock number
6830-660—-0027) are procured through engineer
supply channels. Commercial hydrogen has been
economically used by met sections in the con-
tinental United States, England, Germany, Korea
and Vietnam. Even though commercial hydro-
gen, is used, the met section will continue to
stock calcium hydride charges at the authorized
TOE level for use during emergencies. For train-
ing purposes, it is recommended that every tenth
sounding balloon be inflated with hydrogen gen-
erated by the calcium hydride method. Because
it is inert and not explosive, helium is preferred
to hydrogen. Unfortunately, helium is not avail-
able in many parts of the world and, when avail-
able, is supplied in cylinders only. Helium is
usually cheaper than hydrogen prepared with cal-
cium hydride. Because helium is heavier than
hydrogen, more helium is required to attain the
same rate of rise as hydrogen.

Note. When calcium hydride is used, the hydrogen;
helium volume meter MIL—605/U will not be used.

57. Safety Procedures
a. Both the generation and use of hydrogen

are dangerous due to the highly inflammable na-
ture of the gas. Only by workers being extremely
careful can the dangers of fire or explosion be
minimized. Because of the hazards involved in
handling hydrogen, helium (an inert gas) should
be used to inflate balloons when it is available.
When hydrogen is used, the safety precautions
outlined in chapter 83 must be carefully ob-
served. Copper wire should be used to connect all
metal parts of the equipment to each other and
to a well-grounded object, such as a ground rod.
Ground clamps or alligator clips are used to con-
nect the wire to the metal. For a good connection,
the metal surfaces should first be cleaned with
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Figure 38. Balloon Inflation Launching Device
ML-594/U.

sandpaper. The following grounding procedure is
used:

(1) Two ground rods are spaced approxi-
mately 6 meters apart and driven into the ground
to a depth of 1 meter. .

(2) The resistance is measured between the
two rods with an ohmmeter by connecting the
two rods electrically and using the pair as a
ground to determine whether the resistance is
1,000 ohms or less.

(3) If the resistance is greater than 1,000
ohms, another pair of rods is driven into the
ground to form two rows of rods. The rows are 6
meters apart, and the distance between each rod
in a row is approximately 1.5 meters.

(4) The two rows are connected elec-
trically, and the combination is used as a
ground to determine whether the resistance is
1,000 ohms or less. A rod is added to each row at

1.5-meter intervals until the resistance between
the rows is 1,000 ohms or less, and the final com-
bination is used as a ground.

(5) Personnel in the immediate area where
hydrogen is being generated should be grounded
by using the issued grounding strap assemblies.
A path to ground for static electricity is particu-
larly important for the individual actually han-
dling the balloon (fig 35).

b. When calcium hydride charges are used,
each charge is inspected to insure that no corro-
sion exists along the sealed seams of the con-
tainer. If any corrosion is present, the charge is
not used. Corrosion indicates the possibility that
moisture has leaked inside the container, and an
explosion may result if a spark is caused by the
hand punch used to open the charge. In most
cases, but not always, the calcium hydride charge
will bulge slightly if moisture has leaked inside
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Figure 34. Regulator ML—193 with accessories.

and formed a small amount of hydrogen. Calcium
hydride in powder form is highly subject to ex-
plosion from static electricity. If, while gently
shaking an opened charge, it is observed that the
contents are not in a crystal or lump form, the
charge is not used. Defective charges should be
buried.

58. Hydrogen Generators

a. Hydrogen Generator ML-303/TM. The pur-
pose of the hydrogen generator ML-303/TM (fig
36) is to provide a means for producing hydrogen
gas in the field for inflation of 30- and 100-gram

58

pilot balloons. The hydrogen generator consists
of an outlet tube for attaching hose ML-81, a
punch to open the knockout holes in calcium hy-
dride charges, and a generator body which prov-
ides a pressure chamber for the generated gas. In
the field, the calcium hydride charge fastened to
the bottom of the generator body reacts chemi-
cally with water, in which the generator is im-
mersed, to produce hydrogen gas. Water pressure
at the base of the generator minimizes the loss of
gas from back pressure, and the expanding gas
passes through the outlet tube at the top. A baffle
inside the top of the generator prevents water
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Figure 85. Grounding of hydrogen generating
equipment,

from being forced into the balloon along with the
gas. For detailed information, see TM 11-2413.
Hose ML-81 is used to conduct the gas from the
generator to the inflation nozzle. Calcium hydride
charge ML-304A/TM will generate approxi-
mately 6 cubic feet of hydrogen, which will in-
flate the 30-gram pilot balloon. Calcium hydride
charge ML-305/TM will generate approximately
24 cubic feet of hydrogen, which will inflate the
100-gram pilot balloon. Care must be taken to
ground the hydrogen generator. To allow water
to enter the can, the operator must punch out the
knockout holes in the top of the calcium hydride
charge can. Experience will show how many of
the holes should be opened to give rapid, smooth
generation. The operator then screws the charge
to the bottom of the generator and places the as-
sembly in the water so that the top of the genera-
tor is 2 inches above the water. The operator agi-
tates the generator periodically so that the lime
produced in the reaction will not clog the can
containing the calcium hydride charge and the
generator. No harmful by products are produced
in this reaction; however, the water will decrease
in efficiency as it becomes polluted. Therefore, it
may become necessary to use fresh water for
each balloon inflation, Any available water may
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be used. If any active material remains in the
generator after inflation is complete, the operator
should leave the generator in the water until the
charge is expended. This will prevent lime from
clogging the holes and possibly causing an explo-
sion. Care and maintenance of the hydrogen gen-
erator consists mainly of thorough cleaning. Best
results are obtained if the equipment is cleaned
immediately after use. The operator must check
the perforations in the bottom of the generator
and other parts, including hose ML-81, for clog-
ging. The hose and connections must also be
checked for leaks. If deposits of the chemicals in
the water harden on the equipment, most of it can
be removed with a wire brush.

b. Hydrogen Generator Set AN/TMQ-3. The
purpose of hydrogen generator set AN/TMO-3
(fig 87) is to provide a means for producing hy-
drogen gas in the field for inflation of sounding
balloons. The set consists of four generator bod-
ies mounted on a common manifold, two spare
generator bodies, a packing case, hoses, and a
punch. The manifold consists of a steel tube
welded to a square sheet-iron plate. The plate has
four holes for mounting four generators
ML-303/TM, which are coupled together to per-
mit the generation of hydrogen at four times the
rate of a single generator ML.-303/TM. Operator
maintenance of hydrogen generator set
AN/TMQ-3 consists of cleaning the equipment
and replacing minor parts.

59. Calcium Hydride Charges ML-304A/TM,
and ML-587/TM

Calcium hydride charge ML-304A/TM is an air-
tight metal can containing approximately 6
ounces of 90-percent pure calcium hydride. The
top of the can is recessed and has interrupted
threads for attaching the charge to the bottom of
the generator body. On the top of the can, there
are a number of knockouts which are opened to
allow water to enter the can. The charge prod-
uces approximately 6 cubic feet of hydrogen. Cal-
cium hydride charges ML-305A/TM and
ML-587/TM are the same as charge ML-
304A/TM, except in size. Charge ML-305A/TM
will produce approximately 24 cubic feet of hy-
drogen and charge ML-587/T will produce ap--
proximately 42 cubic feet of hydrogen.

60. Use of Water for Hydrogen Generator

a. A water container, preferably of metal, is
required unless a stream or lake is used. The met
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Figure 36. Hydrogen generator ML-303/TM.

section is issued a 32-gallon galvanized can for
use with the hydrogen generator.

b. It is desirable to change the water after
each generator because the waste chemical prod-
ucts retard the chemical action. The water should
also be changed if it has become too hot. Cold
water is much more efficient for hydrogen gener-
ation than hot water. If water is difficult to ob-
tain, conservation can be accomplished by using
more than one container as follows: When water
is to be reused, allow it to stand for about 2 hours
while using a second container of water. When
the waste chemicals in the first container have
settled, pour the clear water into a temporary
container, clean the first container, and refill it
with the water. When a second water container is
not available or when it is expedient, the hydro-
gen generator may be operated in a stream, lake,
or other suitable body of water.
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61. Bracket Assembly, Antibouyancy

The purpose of the bracket assembly is to firmly
hold the hydrogen generator set AN/TMQ-3 in
position during inflation. The manifold gas outlet
is fastened to an opening in the center if the
bracket assembly. The bracket assembly has an
adapter on each end so that it can be secured to
the top of the corrugated can as shown in figure
38.

62. Balloons

a. Sounding Balloons.

(1) Purpose and description. The purpose of
sounding balloons is to carry aloft radiosondes
and associated equipment, such as a parachute,
night lighting unit, and radar reflector. Sounding
balloons are made of neoprene and are designed
to lift radiosondes to certain minimum altitudes
at specified rates of rise.
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Figure 37. Hydrogen generator set AN/TMQ-3.

(2) Bursting altitude and rate of rise. The
bursting altitude of a sounding balloon depends
on conditioning, inflation procedure, and the type
of balloon. High-altitude balloons weigh 1,000 to
1,200 grams and burst near an altitude of 32,000
meters. The fast-rising balloon can rise to an alti-
tude of 23,000 meters at an average rate of rise
of approximately 500 meters per minute. At
night, the balloons will normally burst at lower
altitudes. Bursting altitudes are with respect to
mean sea level (MSL). The 100-gram pilot bal-
loon can be used as a sounding balloon up to 3,000
meters and has a rate of rise of approximately
300 meters per minute.

b. Pilot Balloons.

(1) Purpose. The purpose of pilot balloons
is to provide a means of visually determining the
speed and direction of winds aloft.

(2) Description. Pilot balloons are issued in
two sizes, 30-gram and 100-gram (representing
the weights of the deflated balloons). Under vari-
ous sky conditions, some colors are more easily
detected by the eye than others. For this reason,
pilot balloons are issued in several colors, the
most common being white, red, and black. The
rate of rise of the 30-gram balloon is approxi-
mately 180 meters per minute, after a steady rate
of rise is attained. The rate of rise of a 100-gram
balloon is approximately 300 meters per minute,
after a steady rate of rise is attained. Under con-
ditions of good visibility and average winds, the
30-gram balloon can usually be observed to a
height of approximately 9,000 meters and the
100-gram balloon can be observed to a height of
approximately 14,000 meters. These altitudes re-
present the normal bursting altitudes of the 30-
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and 100-gram pilot balloons. For detailed infor-
mation, see TM 11-6660-222-12,

(3) Use. When high winds prevail, the 100-
gram balloon should be used, since it rises faster
and will ascend through the desired zones before
being blown out of sight. For economy, the 30-
gram balloon should be used when the message
required is for four lines or less. A general rule
in selecting the color of the balloon is the darker
the sky, the darker the balloon. For a night
flight, the color of the balloon is immaterial.

c. Care and Storage. Balloons should be kept
sealed in their original containers until just be-
fore use. They should be stored in a dry place and
at moderate temperatures. All balloons deterior-
ate with age; therefore, the oldest balloons
should be used first.
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63. Inflation Procedure

Conditioning of sounding balloons prior to infla-
tion is necessary to insure maximum bursting alti-
tude.

a. Conditioning of Balloons.

(1) Purpose. As a result of exposure to rela-
tively low temperatures and of extended periods
in storage, neoprene balloons lose some of their
elasticity through the crystalization of the bal-
loon film. Neoprene balloons used in this state
will burst prematurely. Therefore, the balloon
must be conditioned before inflation to insure
maximum elasticity. Conditioning is accom-
plished by heating the balloon.

(2) Methods of conditioning.
(a) Balloons less than a year old need no



conditioning. Usually, exposure of the balloon to
room temperature (21° C) for 24 hours is all
that is required.

(b) Balloons more than a year old should
be conditioned by one of the methods explained in
TM 11-6660-222—12. These methods are condi-
tioning with boiling water and conditioning in a
locally made conditioning chamber.

(¢) Discoloration has no effect on the bal-
loon film, providing the balloon has not been ex-
posed to direct sunlight for several hours. In di-
rect sunlight and in most types of artificial illu-
mination, discoloration is caused by the antioxi-
dant included in the compounding. Antioxidants
are used in compounding natural and synthetic
rubber to prevent deterioration.

(d) A balloon may be inflated immedi-
ately after conditioning, or it may be kept for a
year under normal storage conditions (para 62¢)
and then inflated. All balloons should be warmed
before inflation. '

b. Use of Nozzles and Weights.

(1) Purpose. The purpose of nozzle MIL-
373/GM (fig 39) is to connect hose ML-81 to
the pilot balloon during inflation, to provide a
valve for controlling the flow of gas, and to act as
a calibrated weight in determining the correct
amount of inflation.

(2) Description. The nozzle has two connec-
tions at opposite ends—a large connection for the
30-gram pilot balloon and a small connection for
the 100-gram balloon. Projecting from the middle
of the nozzle is the fitting for hose ML-81. Oppo-
site the hose fitting is a wingnut which controls
the valve. The nozzle alone weighs 132 grams,
which is the correct free lift weight for a 30-
gram pilot balloon inflated with hydrogen for a
daytime flight. (Free lift is defined as the net up-
ward force which causes the balloon to rise.) Ad-
dition of the main collars which weighs 443
grams, brings the complete nozzle weight to 575
grams, the correct free lift for a 100-gram pilot
balloon inflated with hydrogen for a daytime
flight. When a night lighting device is attached to
the balloon, additional weights are added to the
nozle to compensate for the greater air resist-
ance caused by increased size of the balloon. The
additional weights required are 70 grams for the
30-grram pilot balloon and 50 grams for the 100-
gram pilot balloon.

(8) Use. In using the nozzle, the operator
must first install the proper weights, when re-
quired, on the neck of the nozzle and stretch the
neck of the balloon over the appropriate connec-
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tion. In order to expel the air from the balloon
and connections to the generator, the operator
opens the valve on the nozzle and rolls up the bal-
loon with his hands. He then repositions the
valve to allow the hydrogen from the generator
to escape into the air, thus clearing the hose and
nozzle. The operator then turns the valve so the
hydrogen will flow directly into the balloon. Dur-
ing the weighing-off procedure, the valve is used
to control the flow of gas. The balloon is weighed
off properly when it will hang suspended in mid-
air with appropriate weights attached.

(4) Care and maintenance. The operator
must keep the nozzle free of dirt, lime, or other
foreign matter which will alter its weight or ob-
struct the gas passages. If the valve becomes
sticky it should be disassembled, cleaned, and lub-
ricated with graphite.

64. Hydrogen Regulator ML-193

a. Purpose. Hydrogen regulator ML~193 (fig
34) or regulator, pressure, compressed gas ML—
528/GM is used with commercial hydrogen
or helium cylinders to control the pressure of the
gas being released for inflation of a balloon. The
regulator also indicates the amount of gas re-
maining in the cylinder.

b. Description. Hydrogen regulators consist of
a regulator valve, which controls the pressure of
the gas being released from the cylinder, and two
gages. One gage indicates the pressure of the gas
being released from the cylinder. The other gage
indicates the volume and pressure of the gas re-
maining in the cylinder. The regulator also has
two connections. Hose ML~81 is attached to one
connection by use of coupling ML-49. The other
connection is attached to the commercial gas
cylinder (fig 34).

¢. Use. Coupling ML~49 is connected to the gas
outlet nipple on hydrogen regulator ML-193, and
the connection is tightened with a wrench. The
cylinder valve is quickly opened and closed to ex-
pel any dirt in the valve opening. The female con-
nection of the hydrogen regulator is attached to
the male connection of the commercial gas cylin-
der tightened with a wrench. (The connections of
coupling MIL-49, hydrogen regulator ML-193,
and the gas cylinder have left-hand threads. Out-
let nipples on helium and hydrogen cylinders are
different and a pipe nipple is required for cou-
pling the regulator ML-193 when helium is
used.) The small end of coupling ML—49 is in-
serted into one end of hose ML-81. A hose
clamp, cord, or wire is used to secure the hose to
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the coupling. The free end of hose ML-81 is at-
tached to nozzle ML-196. The gas regulator valve
on the hydrogen regulator MIL-193 is turned
counterclockwise to the locked (off) position. The
cylinder valve is opened by turning it counter-
clockwise. The regulator valve is opened by turn-
ing it clockwise to the desired position. The bal-
loon is weighed off as described in paragraph 630.

65. Night Lighting Units for Pilot Balloons

a. Purpose. The purpose of lighting unit
ML-338/AM (fig 40) is to provide a light source
which will allow the tracking of pilot ballons at
night.

b. Description. Lighting unit ML-338/AM con-
sists of a 6-volt, water activated battery and a 6-
volt bayonet base bulb. A miniature parachute
(MI-430/U) and a ball of waxed twine are is-
sued for use with the lighting unit. The para-
chute need not be used when it is evident that the
falling battery will not be a hazard to personnel
or property. For detailed information see TM
11-6660-222-12,

¢. Use. The lighting unit is activated by remov-

" ing the battery from its insutating jacket and im-
mersing it, with the bulb installed, in water. Any

type of water may be used. The battery should re-

main in the water for about 3 minutes, or until

the bulb has reached full brilliance. The lighting

device with accessories plus appropriate weights

are attached to the nozzle for weighing off the
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pilot balloon. The weights for the 30-gram bal-
loon consist of the nozzle, and a 70-gram weight.
The weights for the 100-gram balloon consist of
the nozzle, a 443-gram and a 50-gram weight. An
additional weight is required to compensate for
the greater air resistance caused by the increased

* size of the balloon. The larger additional weight

is required for the 30-gram balloon because its
size is increased proportionately more than that of

the 100-gram balloon when the lighting device has
been attached for weighing off.

66. Determination of Inflation Volume
and Lift for Sounding Balloons

a. General. Free lift is the net upward force
which causes the balloon train to rise. The amount
of gas required for a sounding balloon should be
determined before beginning the inflation pro-
cess. The ascent rate of the balloon is primarily
dependent on the amount of gas. Other factors
which affect its ascent rate are the balloon’s
shape, size, physical texture, and the state of the
atmosphere through which the balloon travels.
These latter factors are quite variable; therefore,
considerable reliance must be placed on experi-
ence to obtain an ascent rate which will allow the
flight to attain required height at least 15 min-
utes prior to prescribed message time. Table 1 is
included for use in determining the amount of
free lift for sounding balloons during fair
weather. It is important for the gas temperature
to be equal to the ambient air temperature. This
condition is facilitated by use of a condenser with
the generator AN/TMO-3 or by valving gas
slowly (up to 20 minutes) when using commer-
cial gas.

Table 1. Free Lift Table

Free

Balloon type Use lift
(s:rams)

ML-159A/UM _______ ___. Day ... . __. 600

MIL~159A/UM _________ ... Night ___._____ 800
ML-537 ( )/UM _.______. Day . .. . ___. 1600
ML-537 ( )/UM ____ ___. Night - 1900
ML-541 ( )/UM .. __.__. Day ... ... ....2500
ML-541 ( )/UM ______. .- Night _ . __________. 2700

b. Computation of Required Total Lift. Total
lift is defined as the weight, in grams, which
must be balanced by the inflated balloon in order
for the balloon to lift the attachments and assure
a desired rate of rise. As a convenient reference,
the weights of the usual balloon train attach-
ments are listed in table 2. Table 3 indicates addi-
tional weights necessary to compensate for ad-
verse weather conditions.
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Table 2. Weights of Balloon Attachments

Attachment Weight (grams)

Radiosonde AN/AMT-4 ( ), with battery . 1105
Lighting unit ML-338 ... .__ ... ......_. 85
Parachute ML-132 ______ ... _________._____ 150

Table 3. Additional Weights for Foul Weather.

Weather ‘Weight (grams)
Precipitation of light intensity
(all balloon types) 200
Heavy precipitation and/or icing
(all balloon types) . 400

Average zonal wind exceeding 60 knots

(spherical balloons) 600 to 1200

Ezample: An example of the computation of
the total lift required for a typical daytime radio-
sonde flight using balloon type ML-537/UM is as
follows:

Required free lift, from
table 1 . _______________. 1600 grams
Weight (radiosonde and para-

chute) from table 2 _ ... _ 1255 grams
Total lift required (highest
100 grams) - _ 2900 grams

(1) The computed total lift (2900 grams)
1.? used to enter the nomograph in TM
11-6660-245-15 is to determine the volume of gas
rgii;dired to inflate the balloon. The plate on the
h'ydrogen-helium meter can be used as a guide to
détermine the required volume of gas for the var-
ilcijxs types sounding balloons. However, this guide
1s only a rough estimate which does not compen-
sate for additional weight required for foul
weather or night flights.

(2) If calcium hydride is used for inflation,
then the number of charges necessary to produce
the required amount of gas must be determined.
The amount of gas produced by each type of cal-
cium hydride charge 1is as follows:
ML-587/TM-42 cubic feet, ML-305A/TM-24
cubic feet, and ML-304A /TM-6 cubic feet.

67. Preparation of Balloon Trains

When the balloon is properly inflated, it is sealed
and tied. A 20-meter length of twine is doubled
(i. e., 10-meter length, double strength) and the
neck of the balloon is sealed and tied with the
open end of the twine (fig 41). Next, parachute
MIL—-132 is secured to the closed end of the dou-

65



FM 6-15

Figure 41. Tying off the balloon.

bled twine. Another 20-meter length of twine is
doubled, the open end is secured to the bottom of
the parachute suspension lines, and the radion-
sonde is tied to the closed end. The overall length
of the train is approximately 20 meters (fig 42).
The parachute is not normally used in an active
theater of operations. The purpose of the 20-

X Balloon train

Figure 41-—Continued.

meter balloon train is to dampen the oscillation
of the radiosonde during flight. Night lighting
device ML—-338/AM may be included in the train
between the parachute and the radiosonde to aid
in initial tracking.

Section IV. PLOTTING AND COMMUNICATIONS EQUIPMENT

68. Wind Plotting Equipment

a. Purpose. The purpose of the wind plotting
equipment (fig 22) in meteorological station,
manual AN/TMQ-4 is to provide a means of de-
termining the zone and ballistic winds.

b. Description. The wind plotting equipment in-
cludes two plotting boards ML-122. Two rules
MIL-126A are issued with each plotting board
(each board has a spare rule). The plotting
equipment also includes two scales ML-577 and
one slide rule. Plotting board ML-122 and rule
MIL-126A are used to plot the flight path of the
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balloon as projected on the curved earth. These
plots are made with rule ML-126A at a scale of 1
inch equals 750 meters. Zone wind speeds are
computed from the measured distance between
plots with rule ML-126A. These distances are
measured in meters. A slide rule is used to deter-
mine the wind speed in knots. The zone wind di-
rections are measured by using scale ML-577.
Scale ML-577 is also used in plotting the ballistic
winds on plotting board ML-122. Use of this
scale permits reading the wind direction to the
nearest 10 mils.
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¢. Use. Plotting is done with a medium hard
pencil (3H) to avoid pitting the plastic surface of
the plotting board. After use, the plots are erased
with an ordinary eraser. Detailed instructions on
the use of wind plotting equipment in determin-
ing the zone and ballistic winds are contained in
chapter 10.

d. Preventive Maintenance. After considerable
use, the plotting boards become smudged and
should be washed with soap and water. Plotting
equipment should never be cleaned with cleaning
solvents or oils. Scale ML-577 should be wrapped
in cloth to prevent fogging and scratching of the

graduated surfaces. The slide rule may be dusted
with talcum power to reduce sticking. If the cur-
sor glass on the slide rule is removed for clean-
ing, it should be remounted with care to insure
that the crosshair is in alinement with the scales.

69. Communication Equipment

a. Wire.

(1) Purpose. The purpose of the wire com-
munication equipment (fig 31) is to provide the
theodolite operator a means of reporting the an-
gular data to the timer recorder. The met section
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also has one field telephone for wire communica-
tion to a headquarters switchboard.

(2) Description. The communication equip-
ment consists of two head and chest sets
HS-25-C, one telephone set TA-312/PT, one reel
RL-839( ) with spool DR-8 and 400 meters of
wire WD-1/TT, two jacks JK-54, and one head-
set H-144/U. The head and chest sets (H-25-C)
are sound-powered; that is, the transmitter in
each set generates a small electric current when
activated by sound waves. With good connections,
head and chest sets may be operated successfully
over a distance of several kilometers. Jacks
JK-54 facilitate connection between the wire and
the output cords of the chest sets.

(8) Use. When the wire is installed, it is
tied to some fixed object near the terminal so that
accidental tripping over the wire will not destroy
the connection.

Caution: Do not tie the wire to the theodo-
lite tripod.

(4) Preventive maintenonce. The reel bear-
ings should be oiled occasionally with heavy oil.
The wire should be inspected frequently for wear
and repaired or replaced where necessary. The
connections should be kept clean and tight at all
times.

b. Radio Set.

(1) General. The met sections are equipped
with AM (RATT) radio sets. The AM (RATT)
radio set allows rapid dissemination of meteorol-
ogical data and coordination of the meteorologi-
cal activity throughout the crops sector.

(2) Use. The location for equipment depends
on the tactical situation and on local conditions,
such as the need for camouflage, the type of vehi-
cle in which the equipment is mounted, possible
installation in a shelter, and the terrain. The
radio set will have a greater distance range if the
antenna is high and clear of hills, buildings,
cliffs, and wooded areas. Valleys and other low
places are poor locations for radio reception and
transmission, because the surrounding high ter-
rain absorbs the radio frequency (RF) energy.
Clear, strong signals cannot be expected if the
radio set is operated near steel bridges, under-
passes, power lines, hospitals, or power units. If
possible, a site on a hilltop or other high place
should be chosen. Generally, transmission and re-
ception are better over water than over land. De-
tailed procedure for operation and preventive
maintenance of radio sets is discussed in the ap-
propriate TM 11-series.

Section V. RAWINSONDE SYSTEM

70. General

The rawinsonde system was designed for taking
atmospheric soundings and thereby obtaining
upper air meteorological data. This is accom-
plished by measuring the wind speed, wind direc-
tion, pressure, temperature, and humidity
throughout the vertical extent of the sounding.
Since the upper air meteorological variables are
actually measured, data obtained from this sys-
tem are more accurate than data provided by the
visual technique.

71. Equipment
a. Equipment of the Rawinsonde System. The

rawinsond e system consists of the following -

major items of equipment (fig 43):
(1) Radiosonde AN/AMT-4( ).
(2) Rawin set AN/GMD-1( ).
(3) Radiosonde recorder AN/TMQ-5( ).

b. Associated Equipment. The following asso-
ciated equipment is also used with the rawin-
sonde system:

(1) Frequency standard TS-65( ) TMQ-1.
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(2) Baseline check set AN/GMM-1( ).

(3) Test set TS-538/U.

(4) Power unit, 10-Kw; and/or power unit
PE-75—( ).

(5) Meteorological
TMQ-4.

station, manual AN/

c. Capabilities and Limitations of the Rawin-
sonde System. The rawinsonde system provides
an all-weather capability of obtaining atmos-
pheric soundings to altitudes in excess of 80,000
meters. The system affords a means of determin-
ing meteorological data within this region of the
atmosphere to a high degree of accuracy. One
major limitation of the present rawinsonde sys-
tem is the relatively long time required to com-
plete a sounding, which is due primarily to the
slow rate of rise of the balloon. Various methods
of decreasing the time required for a sounding
are being tested in the field. At extreme altitudes,
there is a decrease in the accuracy of the pres-
sure values obtained with current radiosonde
equipment. This problem may be reduced through
the use of the hypsometer (para 74). The elec-
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tronic equipment of the rawinsonde system is also
subject to failure. Specially trained personnel are
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required to operate the equipment and perform
the necessary maintenance.
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Section VI.

72. General

Several models of the radiosonde are in use. All
models are similar in appearance and operation.
The model used by U.S. Army meteorological sec-
tions is the AN/AMT-4( ). For detailed informa-
tion concerning the differences in radiosondes, see
TM 11-2432A.

73. Radiosonde AN/AMT-4( )

a. Purpose. The purpose of radiosonde
AN/AMT-4( ) (fig 44) is to provide a means of
measuring the atmospheric pressure, tempera-
ture, and humidity to altitudes in excess of 30,000
meters.

b. Description and Operation.

(1) Description. Radiosonde AN/AMT-4( )
is a balloon-borne, battery-powered, meteorologi-
cal instrument which automatically transmits
pressure, temperature, and humidity information
to a ground receiving station by means of radio
waves. The radiosonde consists of a modulator
and a transmitter. The modulator (fig 45) is as-
sembled in a white plastic container. The top of
the container may be opened to permit access to
the baroswitch mechanism. Temperature element
clips are mounted on support arms attached to
the sides of the mcdulator top. Humidity element
clips are under a small removable lid on the top
of the modulator. A hinged door on the bottom of
the modulator provides access to the battery com-
partment. Clips on the outside of this door secure
the transmitter to the modulator. The transmit-
ter is enclosed in a plastic tube. One end of the
tube is pointed, and the other end is closed by a
removable cover and rubber gasket. The leads
used to interconnect the transmitter and the mod-
ulator are in either one or two plugs, depending
on the model of the transmitter. The pressure
unit is the heart of the modulator, since it acti-
vates all of the electrical weather-measuring cir-
cuits. It consists of one or two aneroid pressure
cells, which expand as the atmospheric pressure
decreases. By means of a linkage and lever sys-
tem, this small expansion moves a thin pin arm
across a bakelite plastic bar, the commutator bar,
which is marked with 150 metal strips. The
metal strips on the commutator bar conduct elec-
tricity; the bakelite material which separates
these strips is a nonconductor. The end of the
commutator bar is fitted with an adjusting screw
so that the commutator bar may be moved later-
ally with respect to the pin arm. The pin arm
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may be raised from contact with the commutator
bar by means of a lifting lever. An electrical
relay acts as a switching device for the tempera-
ture and humidity circuits. A radiosonde test
plug or (in later models) three test leads are
available for testing the electrical circuits and
connecting the modulator to the baseline check
set AN/GMM-1( ). The transmitter of the radio-
sonde is housed in a cylindrical plastic container.
The transmitter consists of two subminiature
electron tubes and the necessary circuit compo-
nents to produce an ultrahigh-frequency (UHF)
radio signal of 1680 megahertz (MHz). This fre-
quency setting may be manually adjusted plus or
minus 20 megahertz.

Note. A restriction has been placed on the use of
radio frequencies in the 1660-1670 MHz band within
CONUS for meteorological radiosonde observation. The
Department of the Army, Office of the Chief of Com-
munications-Electronics, ATTN: CCEFM, Washington,
D. C. 20315 will be notified in advance, as early as possi-
ble, of all use of the band (1660-1670 MHz) for radio-
sonde operation.

The temperature element is a small ceramic resis-
tor which is coated with a white lead carbonate
pigment to reflect the sun’s rays. The electrical
resistance of this element changes as the ambient
temperature changes. Its range of measurement
is from +60° to —90° Celsius. The tempera-
ture element is placed between the clips of two
support arms. The humidity element is a strip of
polystyrene plastic, fitted with two metal elec-
trodes along the long edges and coated with a
moisture sensitive film. The electrical resistance
of the humidity element varies with both humid-
ity and temperature, Its range of measurement is
from 10 to 100 percent relative humidity. The hu-
midity element is mounted between the clips on
the top of the modulator. The temperature and
humidity elements and a pressure unit calibration
chart are packed in a cardboard box and stored in
the battery compartment. The pressure unit cali-
bration chart shows the relationship between the
position of the pin arm on the commutator bar
and the air pressure. This calibration chart is
furnished by the manufacturer.

(2) Operation.

(a) General. As the aneroid pressure
cell(s) expands, the pin arm of the modulator
moves across the commutator bar and contacts, in
turn, each of the 150 metal strips (fig 46). Each
silver strip (conducting segment) and the follow-
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Figure 45. Radiosonde modulator MD-210/AMT-4B.

ing bakelite strip (insulating segment) compose
one contact of the commutator bar. Thus, the
commutator bar is composed of 150 contacts in
all. The temperature and humidity sensing ele-
ments are connected into the transmitter circuit
at various positions of the pin arm along the bar.
The electrical current conducted by the sensing
elements operates the blocking oscillator tube of
the transmitter. This electrical current causes the
tube to turn itself off and on at an audio rate be-
tween 8 and 194 hertz (Hz), depending on the par-
ticular value of resistance in the circuit. The
amount of this resistance is determined by the
position of the pin arm on the commutator bar
and the existing weather values. The blocking os-
cillator tube affects the carrier wave transmitter
tube so that the 1680 MHz carrier wave is modu-
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lated at a rate dependent on existing weather
values. Ground based equipment demodulates the
wave and records the measured weather values
on a printed chart for evaluation.

(b) Arrangement of the commutator bar.
There are four circuits which may be switched
into the transmitting circuit by the movement of
the pin arm over the 150 contacts on the commu-
tator bar. The contacts are numbered from 1 to
150, beginning with the high pressure end. Start-
ing with 1, the conducting segment of every fifth
contact up to the 105th contact, except multiples
of 15, connects the low reference circuit and
causes the radiosonde to transmit a signal which
is modulated at a rate of 190 hertz. Low refer-
ence signals are used to identify the contact pat-

tern of the radiosonde data during flight and to
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adjust the temperature and humidity signals. The
conducting segment of every 15th contact
through the 105th contact connects the high ref-
erence circuit and causes the radiosonde to trans-
mit a signal which is modulated at a rate of ap-
proximately 194 hertz. High reference signals are
also used to identify the radiosonde contact pat-
tern during flight. All other conducting segments
up to the 105th contact activate the relative hu-
midity sensing circuit and cause the radiosonde to
transmit a signal mcdulated at a rate of 8 to 185
hertz, depending on the ambient humidity. After
the 105th contact, it is no longer necessary to
measure the humidity, and each conducting seg-
ment that is not a multiple of 5 becomes low ref-
erence and each fifth conducting segment becomes
high reference. When the pin arm is not on a con-
ducting segment, the temperature sensing circuit
is activated and the radiosonde transmits a sig-
nal modulated at a rate of 8 to 170 hertz depend-
ing on the ambient temperature. The insulating
segments between conducting segments are the
temperature segments. A guide to the relative
constructed width of all segments are shown in
table 4. A contact begins at the base of a relative
humidity or reference segment and ends at the
top of a temperature segment. Because of manu-
faclurer’s tolerances and differences in widths of
pins, contact values as recorded on the radiosonde
record are different from the constructed values.
When evaluating a radiosonde record to deter-
mine pressure contact value, determine propor-
tional parts of a contact with reference to the
whole contact as it appears on the record. For ex-
ample, the relative humidity portion of a contact
is not necessarily 0.3 of the whole contact.

Table 4. A Guide to the Construction of Segments

Trace Contact value

Humidity segment ______.__ .. ___.____.___ 0.3
Temperature segment following a

humidity segment .. ...._.... _._..._. 0.7
Reference segment ______________ . ___. . 0.4
Temperature segment following a

reference segment . ________ .. _____._.__ 0.6
Low reference segment above

the 105th contact ______ . ______________ 0.3

74. Radiosonde Set AN/AMT-12
(Hypsometer)

a. General. As stated in paragraph 7le¢, a dis-
advantage of the current rawinsonde equipment is
the decrease in accuracy of the pressure values
obtained at higher altitudes. This error can be re-
duced by the use of a hypsometer instead of an
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aneroid cell to measure the pressure at high alti-
tudes. The hypsometer is a comparatively simple
device which measures boiling temperature of a
liquid (carbon disulfide) (CS.) to determine
pressure. The boiling point (temperature) of car-
bon disulfide is directly related to the atmos-
pheric pressure. The hypsometer consists of an
insulated container, a thermistor, and the liquid
carbon disulfide. The hypsometric radiosonde
AN/AMT-12 (fig 47) has been developed for
higher altitude soundings. This radiosonde can
measure pressures down to 2 millibars with an
accuracy of about 0.1 millibar. The hypsometric
radiosonde is identical in physical appearance to
radiosonde AN/AMT—4( ). Inside the modula-
tor, however, is a hypsometric boiler. The boiler
is a vacuum flask, about the size of a small radio
tube; it is open at the top and mounted upright
just in front of the -commutator bar of the baro-
switch. The temperature measuring element inside
the flask is fishhook shaped and wrapped in cot-
ton for protection. Just before flight, the small
flask, or boiler, is charged with 5 cubic centime-
ters of carbon disulfide by use of a hypodermic
needle and syringe. For further description, see
TM 11-6660-220-10.

Hypsometer
relay

Temperature
humidity
relay

Figure 47. Radiosonde set AN/AMT-12
(hypsometer).



b. Function. After release, radiosonde set
AN/AMT-12 functions in exactly the same man-
ner as radiosonde AN/AMT-4( ) until it reach-
es an altitude corresponding to the 105th contact.
At contact 106 and alternately every third and
second contact thereafter (i.e., 106, 109, 111, 114,
116, etc), the hypsometric circuit is activated. The
temperature element measures the temperature of
the boiling carbon disulfide. By using a special
calibration chart, the met section converts the
hypsometric temperature ordinate value to a pres-
sure reading. At pressures of approximately 40
millibars and lower, the hypsometric pressure is
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used in place of the aneroid pressure. (See chapter
7 for details.)

Warning: Carbon disulfide is noxious and
flammable and should be handled with care.

c. Frequency Adjustment. The frequency of
the carrier wave of radiosonde set AN/AMT-12
is adjustable over a range of 1660 to 1700 MHz
by means of adjusting screws on the transmitter.
Test set TS-538/U is used to adjust the fre-
quency. Procedure for adjusting the frequency is
the same as for radiosonde AN/AMT-4( ) and
is discussed in chapter 7.

Section VI. RAWIN SET AN/GMD-1( )

75. General

The purpose of rawin set AN/GMD-1( ) (fig
48) is to provide a means of tracking a balloon-
borne radiosonde transmitter throughout its
flight, measuring elevation and azimuth angles to
the radiosonde, and receiving radio signals from
which values of temperature, pressure, and rela-
tive humidity may be determined.

76. Description

The rawin set AN/GMD-1 is a transportable
radio direction finder. The set consists of a main
assembly, a control-recorder, and a trailer
adapter kit. The main assembly consists of an an-
tenna scanner assembly, the antenna control, a
receiver, and a pedestal. The main assembly auto-
matically tracks the radiosonde during flight.
The azimuth and elevation angles to the radio-
sonde are measured, along with the time since re-
lease, and recorded on a paper tape. The receiver
of the set is manually tunable over a frequency
range of 1660 to 1700 megahertz and automati-
cally tunes itself after it is locked on a particular
radiosonde signal. The radiosonde transmission
signal which provides weather intelligence is de-
modulated by the receiver and sent to the radio-
sonde recorder AN/TMQ-5( ) (not a component
of the rawin set). The control-recorder, a combi-
nation remote control and recording device for
the main assembly, is connected to the main as-
sembly by a cable approximately 62 meters long.
The control-recorder also serves as a junction box
for power distribution; it receives 105 to 129
volts of alternating current, 50 to 65 hertz from
the power source and relays it through cables to
the main assembly and the radiosonde recorder.
The rawin set will automatically track the radio-
sonde to altitudes in excess of 30,000 meters and

to horizontal distances in excess of 200 kilome-
ters, depending on the surrounding terrain. The
set has four automatic features as follows:

a. Receiving and demodulating the radiosonde
weather signal.

b. Tuning the receiver to receive the transmit-
ted signal.

¢. Tracking the radiosonde throughout the
flight.

d. Recording angular data to the radiosonde
during tracking.

77. Employment

a. Selection of Site. The ideal site for the oper-
ation of the rawin set is the center of a large
plateau, with no natural or artificial objects
within 200 meters and no obstructions, at any
distance, extending 3° above the horizon. How-
ever, ideal conditions seldom exist and the selec-
tion of an operating site must often be a com-
promise. Several of the major considerations for
siting the rawin set are listed below.

(1) The distance from the operating loca-
tion of the control-recorder to the main assembly
must not exceed 60 meters to allow for slack in
the main cable.

(2) The horizon from the main assembly
should be unobstructed above 38° (at least in the
direction toward which the balloon-borne radio-
sonde is carried by the prevailing winds). The
prevailing winds, when known, must be consid-
ered.

(3) The main assembly must be installed on
a level and firm site so that accurate leveling and
orientation may be obtained.

(4) An adequate, clear area must be availa-
ble for the release of the balloons; the release po-
sition should be downwind from the rawin set
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Figure 48. Rawin set AN/GMD-1( ).

main assembly (100 meters when possible) and
adjacent to the balloon inflation shelter.

(5) Nearby structures and elevated terrain
must be avoided, since they may reflect the radio
signal from the transmitter and give erroneous
angular data.

(6) Distant landmarks, suitable for orienta-
tion, should be visible from the site.

(7) The operating site should be conven-
iently accessible to operating personnel.

b. Leveling. Leveling of the rawin set (fig 49)
is performed during the initial installation.

(1) The main assembly of the AN/
GMD-1( ) must be leveled as accurately as
possible in order to prevent errors in elevation
angle readings as the antenna rotates in azimuth.
Small errors in elevation angles can cause large
errors in the determination of zone wind speeds.
The main assembly should be leveled when in-
stalled and checked prior to each flight to com-
pensate for possible settling of the jack plates.
Leveling should be verified after each flight,
especially when flights are conducted during or
following periods of precipitation. Two spirit lev-
els, placed at right angles to each other, are
mounted on the right side of the housing. In
rawin set AN/GMD-1B, a third spirit level is
mounted in the base of the elevation yoke. This
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level is provided for future use with ranging
equipment. Each level is equipped with a tubular
cover that can be rotated to cover the glass por-
tion of the level when it is not in use. For mini-
mum error and maximum stability, as much of
the jackscrews is kept above the legs as is practi-
cable.

(2) The procedure outlined below should be
used in leveling any AN/GMD-1 (fig 49) which
contains two intact leveling bubbles.

(a) The antenna is raised to the 90° (ver-
tical) position.

(b) The turntable is rotated manually or
electrically until the azimuth stow lock is over
the recess in the azimuth unit., This position
alines level 1 with a line connecting jacks A and
B and alines level 2 with leg C.

(¢) Leg A and/or B is raised or lowered to
center the bubble in level 1.

(d) Leg C is raised or lowered to center
the bubble in level 2.

(e) The turntable is rotated 180°. If the
bubbles are in the center position, leveling is
completed with step (&) below. If the bubbles are
not centered, half of the error indicated by the
position of the bubbles should be corrected by ad-
justment of the appropriate jack(s). (This error
results from leveling bubbles which are not
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mounted on a plane parallel to the frame of the
radio direction finder housing.)

(f) The turntable is rotated 18C¢° back to
the starting position. In this position, the bubbles
should ‘indicate the same error as the error at
180° (after correction). If these two errors are
not equal, the leveling procedure is repeated,
using steps (b) through (f), until they are equal.

(9) The turntable is slowly rotated
through 360° of azimuth, and the bubbles are ob-
served. If the AN/GMD-1( ) is level, the bub-
bles will remain close to the center position. If
the bubbles move from one side of the center of
the level to the other side, the set is releveled fol-
lowing steps (b) through (g).

(k) All leg-locking lugs are tightened.

(3) The procedure outlined in (a) through
(k) below will level the AN/GMD-1( ) (fig 49)
when only one of the two bubbles is intact. This
method is very similar to the procedure given in
(2) above but requires more time, since special

care must be taken to correctly aline the bubble
with the desired portion of the radio direction

finder.
(a) The antenna is raised to the 90° (ver-

tical) position.

(b) The level is carefully alined with a
line connecting jacks A and B.

(¢) Leg A and/or B is raised or lowered to
center the bubble in the level.

(d) The turntable is rotated exactly 180°.
If the bubble is centered, leveling is continued
with step (g) below. If the bubble is not centered,
half of the error indicated by the position of the
bubble should be corrected by adjustment of the
appropriate jack.

(e) The turntable is rotated 180° back to
the starting position. In this position, the bubble
should indicate the same error as the error at
180° (after correction). '

(f) If these two errors are not equal, the
leveling procedure is repeated from (b) through

77



FM 6-15

OUTRIGGER
LEG B

\ FRONT OF
RECEIVER

SPIRIT
LEVEL

SPIRIT
LEVEL 2

OQUTRIGGER
LEG C

QUTRIGGER
LEG A

AZIMUTH
STOW LOCK
HAND WHEEL

Figure 49. Leveling the rawin set AN/GMD-1( ).

(e) until they are equal.

(g) Next, the level is carefully alined
with leg C.

(k) Leg C is raised or lowered to center
the bubble in the level.

(¢2) The turntable is rotated exactly 180°.
If the bubble is centered, leveling is continued
with (7) below. If the bubble is not centered, the
errors at the original position and the 180° posi-
tion are equalized as in (d), (¢) and (f) above.

(7) The turntable is slowly rotated
through 360° of azimuth, and the bubble is ob-
served. Of the AN/GMD-1( ) is level, the bub-
ble will remain close to the center position. If the
bubble moves from one side of the center of the
level to the other side, the set is releveled follow-
ing steps (b) through (7) above.

(k) All leg-locking lugs are tightened.

¢. Orientation. Until all angle-indicating dials
and the recording mechanism of the control-re-
corder have been properly oriented, any angular
data will be incorrect. Thus, the orientation of
the rawin set becomes very important in the com-
putation of accurate wind data. Orientation
should be performed during initial installation of
the rawin set and checked before and after each
flight. Listed below are the two most common
methods of orienting the rawin set.
(1) Survey control will generally be availa-
ble for orientation purposes in the area where the
met section is located. The coordinates and alti-
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tude to the nearest 10 meters of the selected posi-
tion and the angular data, grid azimuth, to refer-
ence points can be provided by unit survey per-
sonnel. Stationary objects, such as a pole, build-
ing, or tower should be selected as reference
points. These objects should be at a considerable
distance, never less than one kilometer, from the
rawin site. Survey data to reference points are
converted to true north by use of chart I1I, FM
6-16.

(2) When survey data are not provided, the
orientation of the rawin set will be accomplished
by use of the theodolite. The theodolite is set up,
centered, and leveled over the selected site (usu-
ally shown by a stake or other suitable marker)
of the main assembly. The declination constant,
true north, for the area of operation should be set
on the azimuth scale before the theodolite is ori-
ented utilizing the magnetic needle. The elevation
and azimuth angles are then measured by sight-
ing the theodolite on a well-defined portion of the
object used as a reference point. These angles are
read to the nearest one-tenth degree and recorded
for future reference.

(3) The main assembly should be centered
over the point on the ground which was used to
determine orientation data. After the rawin set is
completely assembled, leveled, and energized, the
manual controls are used in sighting the GMD
telescope on the reference point. When the tele-
scope is on the point, the motors are turned to the
STANDBY position to prevent vibration during
the orientation process. The local angle indicators
on the azimuth and elevation units are set to the
angular values furnished by survey, converted, or
from the theodolite measurements. The remote
angle indicators and printing mechanism on the
control-recorder are set to indicate and record the
same angular data that were set on the local
angle indicators. This adjustment completes the
orientation of the rawin set.

d. March Order. The met section should be-
come proficient in the unloading, assembly, disas-
sembly, and loading of the rawin set so that rapid
displacement will be possible. The ability to as-
semble and disassemble the rawin set quickly and
properly may mean the difference between timely
or late delivery of the met message to the using
units. Damage due to improper procedure may
cause a loss of valuable time while waiting for
the maintenance technician to repair the dam-
aged components. The assembly and disassembly
of the rawin set should progress from one compo-
nent to the next in an orderly manner. When pro-
perly loaded in the 114-ton, 2-wheel cargo trailer



FM 6-15

\

/ (-\ SERVICE METER TUNING METER h
INCREASE N/@
FREQ
FREQUENCY
MEGACYCLES TUN'NG
DECREASE
FREQ
IF INPUT fe 0 0 0 @ 0SC QUTPUT
o SPEAKER GAIN
W, U,
A ON ON AFC
B OEE Oﬁé MAEAL
DIAL POWER
LIGHT
METER SELECTOR
@ receiver panel
Figure 50. Rawin set controls.
/ POWER OVERLOAD MOTORS C o~
() INDICATOR (NDICATOR STANDBY
“ ON RESET
17v AC
5 AMPS MAX
OFF NORMAL
POWER OVERLOAD MOTORS
RESET
\/ ./
ELEVATION NEAR AUTO AZIMUTH
]
N UP  MANUAL FAR AUTO CCW cw
Y N\ 5 ¢ vy N\

N

@ antenna control panel
Figure 50—Continued.

(models M104 and M105) using the trailer
adapter kit, the rawin set can be transported
from one position to another without being dam-
aged. For detailed information on assembly, dis-
assembly, and loading of the rawin set, see TM
11-6660-206—10.

78. Operation

a. Controls. The controls for operation of the
rawin set are on the components of the main as-
sembly and control-recorder. The rawin receiver
panel (®, fig 50) has six switches to operate, tune,
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and test the receiver. The antenna control panel
(®, fig 50) has four switches, an azimuth po-
tentiometer and an elevation potentiometer. In ad-
dition, there is a separate set of manual position-
ing controls on the left side of the housing (not
shown in fig 50).

b. Control-Recorder. Power Tfor the entire
rawin set is supplied through the MAIN FUZES
and the MAIN POWER switch of the control-re-
corder (fig 51). The MANUAL CONTROL ELE-
VATION and AZIMUTH switches are employed
to remotely control the positioning of the rawin
set. A MOTORS STANDBY switch is available
to operate the antenna scanner motor and the
tracking elements from the control-recorder posi-
tion. ELEVATION and AZIMUTH RESET
SELECTORS (mechanical clutches) and the
RESET CONTROL knob are used to orient the
elevation and azimuth indicator dials and the
printing mechanism. The TIME RESET knob is
used to reset the visual time indicator and time
printing mechanism. The PRINTINGS-PER-
MINUTE switch controls the number of prints
per minute of the recording system. The REC-
ORDS CONTROL switch insures coordination of
the entire rawinsonde system at the release of a
radiosonde. A set of lights indicates a power in-
terruption and warns the operator that reorienta-
tion of the data recording system may be re-
quired. :

¢. Starting Procedure. The rawin set is placed
in operation by placing the MAIN POWER
switch on the control-recorder in the ON position.
Normally, the power switches on the antenna
control and rawin receiver are left in the ON po-
sition; the MOTORS STANDBY switch should
be in the STANDBY position.

d. Preflight Procedure. The antenna reflector
is positioned to face the radiosonde. On the re-
ceiver panel (fiz 50), the FREQUENCY MEGA-
CYCLES dial is set to the highest obtainable
reading on the tuning meter by pushing the
TUNING switch to the INCREASE FREQ or
DECREASE FREQ position. The AFC (auto-
matic frequency control)-MANUAL control is
switched from MANUAL to the AFC position.
Normally, the automatic frequency control will
lock on the radiosonde frequency and accurately
tune the receiver. When the receiver is properly
tuned, the TUNING METER should read 60 or
more units, and the audio signal should be heard.
(If the TUNING METER reading is too high,
the meteorological signal may be distorted during
the baseline check. This distortion can be elimi-
nated by positioning the antenna reflector off tar-
get.) The automatic tracking system of the rawin
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‘set is checked by switching the MANUAL-NEAR
AUTO-FAR AUTO switch to the NEAR AUTO
position. The rawin set should position itself ap-
proximately on the radiosonde transmitter. The
antenna reflector is repositioned to obtain 60 or
more units on the receiver TUNING METER.
The mctors are turned off by switching the MO-

TORS  switch to STANDBY (MOTORS
STANDBY lamp lights). On the control-re-
corder, the RECORDS CONTROL switch is

switched to the BASELINE CHECK position and
the baseline check is performed. After the base-
line check has been verified and the reference-
temperature-humidity check is performed, the
RECORDS CONTROL switch is positioned to
STANDBY and the MOTORS turned on. The ra-
diosonde is prepared for release.

e. Flight Procedure. At the instant the radio-
sonde is released, the RECORDS CONTROL
switch is switched to the FLIGHT position. This
causes simultaneous starting of the control-re-
corder, the radiosonde recorder, and the rawin
set. The section chief stands by to insure
that the rawin set is tracking on target. Nor-
mally, the rawin set will automatically track the
radiosonde from release when the MANUAL-
NEAR AUTO-FAR AUTO control on the an-
tenna control (®, fig 50) is in the NEAR AUTO
position. The radiosonde should be released 100
meters or more downwind from the main assem-
bly to facilitate automatic tracking and thereby
obtain valid data from the ground level upwards.
Approximately 2 minutes after release of the ra-
diosonde, the section chief switches the MAN-
UAL-NEAR AUTO-FAR AUTO switch to the
FAR AUTO position.

f. Stopping Procedure. Generally, the flight
should be terminated on the next low reference
after the required altitude has been attained, on"
the first high reference after balloon burst, or
when the critical angle has been reached. The
critical angle is defined as an angle of 6° above
or to the side of any object on the horizon. When
the critical angle has been reached, wind data be-
come invalid. However, the evaluation of temper-
ature and density may continue as long as a re-
quirement for these data exists. When the flight
is terminated, the rawin set is stow locked in
both azimuth and elevation. After the set is stow
locked, the MAIN POWER switch on the con-
trol-recorder is placed in the OFF position. This
procedure will prevent misorientation of the
rawin set due to antenna movement while the re-
mote control angle indicating and recording sys-
tem is not energized.
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Figure 51. Control-recorder.
79. Optical-Electrical Bearing Check
The optical-electrical bearing check is performed
L 20" ( to insure that the optical axis of the telescope is
E

(50.8 centimeters)

16"
(40.6 centimeters)

parallel to the electrical axis of the rawin set.

a. Performing the Bearing Check. The teles-
cope of the rawin set is used to perform the
bearing check. No sooner than 5 minutes after re-
lease of the radiosonde (unless low clouds indicate
a surface check), the radiosonde is viewed
through the telescope. If the radiosonde is cen-
tered in the reticle, the optical and electrical axes
are parallel and no further action is required. If
the radiosonde is not centered in the reticle, the
necessary angular corrections are determined on
the reticle scales. The telescope is then adjusted
to center the radiosonde in the reticle, thereby
making the optical axis parallel to the electrical
axis. The corrections noted are applied to all of
the angular data extracted from the control-re-
corded paper tape. At the end of the flight, the

Figure 52. Optical-electrical bearing check board.

rawin set is reoriented.

b. Preflight Check of Telescope Alinement. A
preflight adjustment of the telescope can be made
by using an optical-electrical bearing check
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Figure 53. Determining angular corrections.

board. This board may be used when poor visibil-
ity prevents a visual check of the radiosonde
after its release.

(1) The optical-electrical bearing check
board (fig 52) is used in a manner similar to the
manner in which the test target is used in bore-
sighting a howitzer.

(2) To build the optical-electrical bearing
check board, use a radiosonde and a sheet of ply-
wood approximately 2 feet square. At the upper
right corner of the plywood, mount the radio-
sonde with the transmitter in a vertical position
as shown in figure 52. Twenty inches to the left
and 16 inches below the center of the transmitter
antenna, drill a. small hole on which to center a
crosshair pattern. Paint in the crosshairs and
then paint the first and third quadrants of the
crosshair pattern so that the center will be
plainly visible through the telescope of the rawin
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set. A light can be placed behind the hole for
checking bearing at night. To perform the bear-
ing check, activate the radiosonde and place the
board at least 50 meters from the rawin set and
about 4 meters above the ground. With MAN-
UAL-NEAR AUTO-FAR AUTO switch in the
FAR AUTO rposition-and the rawin set tracking
the target, adjust the telescope until the cross-
hairs on the reticle are alined with the crosshair
pattern on the check board. After this adjust-
ment, the transmitter should “jiggle” in the cen-
ter of the reticle during an actual flight, and the
correction for parallax does not have to be made.
In a semipermanent position, a fixed upright can
be constructed upon which to mount the test
board. This upright can be surveyed in to serve -
as an azimuth reference point during orientation.
¢. Determination of Angular Corrections. The
angular corrections to be applied to the elevation



and azimuth data extracted from the control-re-
corder tape are determined from the horizontal
and vertical scales in the reticle of the telescope
(fig 53). The vertical scale is used to determine
the correction for elevation angles, and the hori-
zontal scale is used to determine the correction
for azimuth angles. These scales divide the reticle
of the telescope into four quadrants. The correc-
tions are read directly from the scales to the
nearest 0.1°. If the radiosonde appears in the
upper half of the reticle, the elevation correction
is added to each elevation angle extracted from
the tape; if it appears in the lower half of the re-
ticle, the elevation correction is subtracted from
each elevation angle. If the radiosonde appears in
the right half of the reticle, the azimuth correc-
tion is added to each azimuth angle extracted
from the tape; if it appears in the left half of the
reticle, the azimuth correction is subtracted from
each azimuth angle. The signs of the elevation
and azimuth corrections for each quadrant are
shown in figure 53. For the radiosonde illustrated
in the figure, the elevation correction is +0.60°
and the azimuth correction is —2.0°.
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d. Application of Angular Corrections. The an-
gular data printed by the control-recorder will be
in error if the radiosonde is not centered in the
reticle of the telescope. These data are corrected
by adding or subtracting the angular corrections
determined in ¢ above. Only the angular data
which are to be used in subsequent computations
are corrected.

e. Frequency of Performance. The optical-
electrical bearing check is performed during the
first radiosonde flight after the rawin set is in-
stalled in a new location. The check is also per-
formed at least once each day the rawin set is
used or at any time the telescope alinement is dis-
turbed. If the radiosonde does not appear initially
in the reticle of the telescope, the procedures out-
lined in TM 11-6660-206-10 should be employed
to obtain accurate angular data.

80. Preventive Maintenance

The preventive maintenance to be performed by
the operator is specified in TM 11-6660-206-10.
Troubleshooting by the operator is limited pri-
marily to power troubles. The greatest single
source of trouble is improper cable connections.

Section VIIl. RADIOSONDE RECORDER AN/TMQ-5( )

81. General

The purpose of radiosonde recorder
AN/TMQ-5( ) (fig 54) is to provide a means of
recording the meteorological data, except winds,
received by rawin set AN/GMD-1( ).

82. Description and Use

The radiosonde recorder converts the net signal
from the rawin set to a visual record. Circuits
within the radiosonde recorder first convert the
met signal to a direct current (DC) voltage pro-
portional to pulse frequency. This voltage is com-
pared with another voltage which is representa-
tive of the recorder pen position. The difference
between these voltages causes the pen to move to
the proper recording position. In conjunction
with a radiosonde, and a rawin set, the radio-
sonde recorder produces an accurate record of the
atmospheric sounding during a radiosonde flight.
For detailed information, see TM 11-6660-204-
10.

83. Controls

The controls required for operation of the radio-
sonde recorder are on the front panel of the re-
corder. These controls are used to regulate and
adjust the sensitivity of the pen positioning cir-
cuits and the operation of the pen lifter circuits.
The controls also are used to make compensations
for drift of the radiosonde transmitter signal.

84. Installation

The radicsonde recorder is normally located in
the met van. 1t should be installed on mount
MT-1355/TMQ-5 where it can be easily con-
nected to the control-recorder. Two cables are
commonly used in the operation of the radiosonde
recorder. Cable CX-1217/U provides a connection
from the radiosonde recorder to the control-re-
corder of the rawin set. During operation of the
rawinsonde system, this cable carries the neces-
sary power to operate the radiosonde recorder,
the met signal, and provides the wires for the au-
tomatic rawin time print system. Cable
CX-2337/TMQ-5 is a splt cable which may be
connected to a wall receptacle to supply power to
the radiosonde recorder. Two leads are left free
to provide for a signal input. This cable is used
during the linearity calibration of the radiosonde
recorder with frequeney standard TS-65( )/
FMQ-1.

85. Operation

a. Preset Procedures. The operator prepares
the radiosonde recorder for operation by opening
the cooling vent, erecting the desk, advancing the
chart, and attaching the chart weight.

b. Preliminary Starting Procedure. Allow the
set to warm up for 15 minutes. This should be
done with the POWER ON-POWER OFF-
STAND BY switch in the STAND BY position
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and the cooling fan operating. The power and
frequency meters should be checked for correct
values (105 to 125 volts and 50 to 60 Hz). If nec-
essary, the power source shou'd be adjusted to
obtain these values.

c. Starting Procedure. After the warmup pe-
riod, the POWER ON-POWER OFF-STAND BY
switch is placed in the POWER ON position.
With the SIGNAL SELECTOR switch still in the
SC (short circuit) position, the pen should record
at zero on the chart. If the pen does not print at
zero, the maintenance technician should be in-
formed. Check the chart alinement by manually
advancing the chart and observing the relation-
ship between the chart and the studs at the left
edge of the roller. If, as the chart advances, the
chart creeps to the right or left as shown by the
left-hand holes in the chart and the chart roller
studs, the chart must be realined. Next, hold the
REC TEST switch in its down position; the pen
should move to 95 recorder divisions and mark
the chart. This test insures that the pen will
move freely to the right side of the chart. When
the SIGNAL SELECTOR switch is set to 60 cps
the pen will move to 30 on the recorder chart. If
not, adjust to 30 recorder divisions by rotating
the REF ADJUST handwheel. (This reading is
one-half the line frequency.) After making the
pen print at 30 recorder divisions on the chart,
rotate the SIGNAL SELECTOR switch to the
120-cps position. The pen should move to 60 re-
corder divisions. The pen can be positioned by ro-
tating the REF ADJUST handwheel. After com-
pleting these tests, rotate the SIGNAL SELEC-
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TOR switch to SIG position. The recorder is now
ready to receive and record signals.

86. Calibration

Linear calibration is performed with frequency
standard TS-65/( ) /FMQ-1 by injecting selected
groups of fixed frequencies that are accurate be-
tween 10 and 190 hertz. This calibration nor-
mally is performed by the recorder operator as
prescribed in TM 11-6660-204-10. If the calibra-
tion fails to meet the criteria as outlined in TM
11-6660-204-10, the maintenance technician is
consulted. Linear calibration is to be performed
each time the recorder is moved, after major
maintenance, or monthly.

87. Preventive Maintenance

a. Daily. The recorder operator checks for com-
pleteness and general condition of the equip-
ment; inspects for clean impression of printing
and proper recorder paper feed; checks input
voltage and frequency readings for proper
values; and checks for normal operation by per-
forming the preset, preliminary, and starting
procedures.

b. Weekly. The maintenance technician, as-
sisted by the operator, tightens, the mounting
and the camlock fasteners on the cabinet; cleans
and tightens the cable connectors; cleans the cab-
inet of rust, corrosion, and moisture; inspects the
wires, cables, cord, and shock mounts for cuts,
breaks, fraying, deterioration, kinks, and strain;
cleans the meter windows; inspects the meters
for damaged glass and cases; and checks the volt-
meter for zero adjustment.

Section IX. CALIBRATION EQUIPMENT

88. Frequency Standard TS—-65( )/FMQ-1

a. Purpose. The purpose of frequency standard
TS-65( ) /FMQ-1 (fig 55) is to provide a means
for linear calibration of the radiosonde recorder
AN/TMQ-5( ).

b. Description and Use. Frequency standard
TS-65( )/FMQ-1 is a rugged electronic unit de-
signed to provide accurate electrical signals of
fixed frequency between 10 and 190 hertz. It is is-
sued to meteorological sections for the linearity
calibration of radiosonde recorder AN/TMQ-
5( ). The standard is a self-contained unit which
operates on 110 volt alternating current at 50 to
60 hertz. For detailed information, see TM 11-
2602B.

¢. Preventive Maintenance. Since frequency
standard TS-65( )/FMQ-1 is the only instru-
ment available for performing a linearity calibra-
tion of the radiosonde recorder, the handling and

operating instructions should be followed care-
fully. Always protect it from jarring, and report
any evidence of improper functioning to the
maintenance technician. Proper operation of the
frequency standard can be determined by observ-
ing the light pattern through the SYNC (syn-
chronization) hole on the front panel. A station-
ary pattern indicates proper operation.

89. Radiosonde Baseline Check Set
AN/GMM-1( )

a. Purpose. The purpose of radiosonde baseline
check set AN/GMM-1 ( ) (fig 56) is to provide a
stable environment for the testing and preflight
calibration of the radiosonde temperature and
humidity sensing elements. In addition, the base-
line check set may be used to set the pin arm of
the radiosonde.

b. Description and Use. The set consists of a
temperature-humidity chamber, a control unit, a
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Figure 55. Frequency standard TS-65( )/FMQ-1.

psychrometer case, a 30-meter remote cable, and
a 4.5-meter power cable. The chamber is provided
with an air circulating fan, water tray, and
heater. An electrical switch is installed to permit
remote selection of the radiosonde circuits, either
manually or automatically. An illuminated psy-
chrometer is mounted inside the chamber and is
visible through the door window so that chamber
conditions can be measured without disturbing
the chamber atmosphere. Connections are pro-
vided to power the radiosonde from a battery out-
side the chamber, so that the battery heat and
moisture will not affect the chamber conditions.
The psychrometer case, which contains two psy-
chrometers MI1.-224, spare tubes, and wicks, is
mounted on top of the chamber. During opera-
tion, one psychrometer is installed in the check
set chamber and the other is used for local sur-
face observations. The control unit for the base-
line check set can be mounted on top of the cham-
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ber or at a remote location by use of the reel unit,
which has 30 meters of interconnecting cable.
For detailed information, see TM 11-6660-219-
12.

c. Installation. The baseline check set should be
placed in a shaded location where it is protected
from the direct rays of the sun. The path between
the check set and the rawin antenna must be free
of any obstacles, such as earth and large metallic
objects, that would block the transmitted signal.
Radio transmitters, electrical machinery, high-
tension power lines and communication lines may
cause interference and must be avoided in the se-
lection of the site. Avoid movement of personnel
in the vicinity of the check set, as such movement
may cause interference with the transmitted sig-
nal. To facilitate baseline check procedure, the
control unit is placed inside the shop van where it
can be operated by the radiosonde recorder opera-
tor. Because of the length of the control unit
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Figure 56. Radiosonde baseline check set
AN/GMM-1( ).

cable, the check set must be installed within 30
meters of the shop van.

d. Operation. The control unit may be installed
and operated either on the top of the atmospheric
chamber or at a remote location. The POWER
switch controls power to the FAN, HEATER,

and LIGHT switches and to the pin arm adjust-

ment circuit. When the main power is turned on,
the FAN, HEATER, and LIGHT (chamber
light) switches will operate, but the heater will
not turn on unless the fan is on. For baseline
check operations, the fan is always turned on.
The heater may be used, if necessary, to raise the

temperature inside the chamber above freezing.
The selector switch takes the place of the radio-
sonde baroswitch by causing the radiosonde to
transmit temperature, low reference, or humidity
signals. The selector switch is turned manually to
the TEMPERATURE, REFERENCE, or HU-
MIDITY position. When the selector switch is
turned to its last position, AUTOMATIC, the ra-
diosonde switching is controlled by a small motor
which connects the low reference, temperature,
low reference, humidity, in that order, at 15-sec-
ond intervals. The high reference circuit is not
tested by the baseline check set. As soon as the
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sensing elements are installed on the radiosonde,
the radiosonde is placed in the check set chamber,
with the transmitter protruding through the ap-
erture in the floor of the chamber and the tem-
perature element toward the psychrometer. Ex-
treme care must be taken in handling the delicate
temperature elements, which are easily broken.
The radiosonde test leads are connected to the
test terminals in the baseline check set chamber.
The pin arm of the modulator is left off (up).
Then the door is closed. An interval of approxi-
mately 10 minutes is required to achieve stable
conditions of temperature and humidity. After
the radiosonde is installed in the atmospheric
chamber and the door is closed, the baseline
check is conducted as described in chapter 7.

e. Preventive Muaintenance. Detailed mainte-
nance instructions for the radiosonde baseline
check set are contained in TM 11-6660-219-12.

90. Test Set TS-538/U

a. Purpose. Test set TS-538/U (fig 57) prov-
ides a means for checking the frequency and sig-
nal strength of the radiosonde transmitter. It
may also be used as a signal generator.

b. Description and Use. Test set TS-538/U is a
component part of the rawin set. The test set is
contained in g metal case with a hinged cover.
The power cable and antenna are stored inside
the cover. When used as a signal generator, the
test set requires 60-hertz, 110-volt power. When
the test set is used to check the frequency and the
signal strength, external power is not required.
Only the FREQUENCY METER dial and the
POWER MONITOR are used to check the fre-
quency and the signal strength. For a detailed de-
seription, see TM 11-6625-213-12.

¢. Operation. The test set is used to measure
the frequency and the power output of the radio-
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Figure 57—Continued.

sonde transmitter. The operation of the test set in
performing these functions is described in chap-
ter 7. :

Section X.
91. Power Unit, 10 Kilowati

a. Purpose. The purpose of the 10-kw power
unit (fig 58) is to provide a power source for op-
eration of the meteorological station.

b. Description and Use. The complete electronic
meteorological section operating in the field re-
quires approximately 2,300 watts of electric
power for the equipment alone. Electric lights,
soldering irons, and electrical test equipment re-
quire additional power. The rawinsonde system
makes many measurements of minute electrical
quantities in its automatic recording of radio-
sonde data, therefore, the system must be pro-
vided with an adequate and stable power source.

d. Preventive Maintenance. Detailed proce-
dures for maintenance of the test set are outlined
in TM 11-6625-213—12.

POWER UNITS

The power unit must provide stable voltage and
deliver power at a fixed frequency, regardless of
the load. Due to the different models of genera-
tors which may be issued to met sections, appro-
priate manuals should be consulted for opera-
tions, adjustments, and preventive maintenance.

92. Power Unit PE-75—( )

a. Purpose. Power unit PE-75-( ) (fig 59) is
provided for use by the electronic meteorological
section in case of failure of, and during periods of
routine maintenance on the 10-kw power unit.

b. Description and Use. Power unit PE-75-( )
is a small, portable field generator weighing ap-
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proximately 319 pounds and powered by a single
cylinder, 4-cycle gasoline engine. Power unit
PE-75-( ) is capable of providing 2,500 watts of
electric power continuously at 120 volts and 60
hertz. It is started with a flywheel pull cord and
stopped with a magneto disconnect button located
at the top of the flywheel housing. The unit will
satisfactorily operate the rawinsonde system, but
care must be exercised not to overload the gener-
ator with accessories. This generator is not pro-
tected against electrical overload. Means are pro-
vided to adjust the frequency of the electrical
generator power. This adjustment should be
made while the generator is under normal load.
The frequency can be measured on the POWER
LINE FREQUENCY meter on the radiosonde re-
corder.
¢. Starting and Stopping Procedures.

(1) Starting. The first step in starting the
power unit is to wind the starting rope around
the crankshaft pulley wheel on the flywheel hous-
ing side of the engine. Open the gasoline shutoft
valve. Pull the starting rope slowly to determine
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if all internal parts of the power unit will move
freely without abnormal drag or friction. To
start the engine, the starter rope is wound on the
starter pulley and pulled with a quick steady mo-
tion. If the engine does not start after it has been
cranked three or four times with the choke
closed, it should be cranked several times with
the choke partially open and then with the choke
wide open. Do not race a cold engine. If the engine
does not start, the met maintenance technician
should be consulted.

(2) Stopping. The following procedure is-
used to stop the power unit PE-75-( ). The
STOP button on the flywheel blower housing is
depressed and held down until engine stops. If
the engine has been operating for several hours,
it may be necessary to depress the stop button for
30 seconds or more. If the engine is not to be used
again for a period of 4 hours or more, it should
be stopped by closing the shutoff valve on the fuel
filter under the fuel tank.

d. Operation. The power unit operates in the
same manner as the engine of a motor vehicle.
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During operation, the operator should listen for
any unusual noises, such as backfiring, missing,
or rattling. If any unusual noises are heard, cor-
rective action should be taken as soon as possible.

e. Adjustments. After the engine starts run-
ning, the choke should be gradually opened by
moving it counterclockwise until the engine runs
smoothly with the choke fully open. If the engine
does not run smoothly with the choke fully open,
the needle valve is turned counterclockwise. If
the engine continues to run abnormally (misses,

backfires, etc), the needle valve is turned clock-
wise until the engine runs smoothly. A load
should not be placed on the engine until it has
reached normal operating temperature, which
will occur approximately 15 minutes after start-
ing.

f. Preventive Maintenance. The principles o’
operation, care, and maintenance of the 10-kw

power unit apply to power unit PE-75-( ) with
few exceptions.
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CHAPTER 7

OBSERVATION TECHNIQUES

Section . ORGANIZATION OF TEAMS

93. General

In this chapter the organization and operations
of a ballistic meteorological section are explained
in detail. The training of meteorological
teams is related to the step-by-step proce-
dures involved in obtaining and computing the
various meteorological elements for a completed
computer and NATO meteorological message. All
artillery meteorological sections operate in a sim-
ilar manner, regardless of personnel and equip-
ment available. The Field Artillery Target Acqui-
sition Battalion meteorological section is used in
describing team operations.

94. Organization of Six-Man Teams

The tables of organization and equipment for the
headquarters and headquarters battery of the
Field Artillery Target Acquisition Battalion au-
thorize 1 warrant officer (meteorology techni-
cian) and 17 enlisted men in the met section. The
met section chief as the senior enlisted member of
the met section (E-7), must have a thorough
knowledge of artillery ballistic meteorology. He
must know the requirements of the various types
of artillery units for meteorological data. He
must be able to coordinate and supervise the op-
erations of the section. He must be able to con-
duct instruction on all phases of the met sections’
operations. To intelligently interpret radiosonde
soundings, he must be familiar with synoptic
weather maps and be able to recognize significant
weather changes. As a noncommissioned officer,
he is responsible for the state of training and
general welfare of the enlisted man under his su-
pervision. He is further responsible to the met
warrant officer for the supervision of mainte-
nance of all equipment and its proper perform-
ance as outlined in the appropriate technical
manuals. For continuous operation, the met sec-
tion may be divided into six-man teams; each
team operating 12 hours a day. The chief of sec-
tion assists the met warrant officer in supervising
the 24-hour operations. The radio operators are

primarily responsible for transmitting messages.
Each six-man team includes personnel to prepare
and release the radiosonde and compute artillery
met messages. However, during the occupation of
a new position, the entire section is required. The
assignments of specific duties in the six-man team
are made by the met warrant officer.

95. Organization of the Met Section
Into Teams

There will be occasions when one six-man team
will have to be augmented with personnel from
the other team in order to furnish special met
data, such as fallout met message and Air
Weather Service messages, in addition to the
usual artillery met messages. In normal opera-
tions, the two six-man teams are further divided
into smaller teams (para 96 and 97). The organi-
zation of the met section into teams will vary
with the state of training of individual members
of the section, the time schedule, and the number
and type of met requirements. The listing of duty
positions in paragraph 29a does not imply any
team organization. The met warrant officer or-
ganizes the section personnel in the manner
which best accomplishes the mission.

96. Temperature-Density Team

In general, the temperature-density team is re-
sponsible for assembling the rawin set, preparing
the radiosonde, and evaluating the recorded data
to determine the temperature and density for the
met message. The team is composed of a—

a. Radiosonde recorder operator (RO), the
team leader.

b. Temperature-density plotter (TDP).

c¢. Temperature-density computer (TDC).

97. Winds Team

In general, the winds team is responsible for
erecting the inflation device, inflating the balloon,
preparing the balloon train, performing the ref-
erence-temperature-humidity check, making sur-
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face wind observations, and evaluating the re-
corded data to determine the wind direction and
speed for the met messages. The team is com-
posed of a—

a. Zone wind computer (ZWC), the team
leader.

b. Zone wind plotter (ZWP).

¢. Ballistic wind plotter (BWP).

98. Pilot Balloon Observation Team

There may be instances in which a continuous
flow of met data is required which cannot be fur-

nished by electronic means; such as during occu-
pation of a new position area or failure of ground
electronic equipment. Under these circumstances,
a fourman pilot balloon observation team can be
organized with personnel and equipment organic
to the electronic met section. Personnel of the
four-man team are assigned duties as—

a. Theodolite operator.

b. Timer-recorder.

¢. Zone wind plotter and surface observer.

d. Ballistic wind plotter.

Section Il. SELECTION AND OCCUPATION OF POSITION

99. Tactical and Technical Considerations
in Selecting the Position Area

Since the primary mission of the artillery met
section is to provide meteorological data to the
artillery firing units in the command, the section
must be sited where it can best sound the atmo-
sphere through which the trajectories of the ar-
tillery will pass. The section should be located
within the perimeter of the command post of an
artillery unit, perferably the parent unit, provid-
ing this position does not violate the principle
cited above. The position must be coordinated
with the area unit commander, the staff, and the
next higher headquarters. Such administrative
details as messing facilities, local security, and
message transmission must be considered. When
possible, the following minimum requirements
should be met: a level area of cleared land for
the main assembly and the launching site, no ob-
structions within a distance of 200 meters, and no
objects on the horizon above an angle of 3°. In
most instances, the position selected for the met
section will be one which is a compromise be-
tween this ideal location and the tactical require-
ments (area, cover, and camouflage). The require-
ments for emplacing the main components of the
met section are discussed in paragraph 100.

100. Emplacement of Equipment

a. Rawin Set AN/GMD-1( ). The location of
the rawin set main assembly will control the loca-
tions of the remaining components of the station.
The set must be mounted on firm, level, well-
drained ground to insure continuous operation
with suitable angular accuracy. Downwind, there
must be an area cleared of brush, shrubs, or ob-
structions and sufficient in size for the release of
balloons. Ideally, there should be no obstructions
over 3° in elevation above the horizontal in any
direction. The length of the main cable (approxi-
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mately 62 meters) limits the distance set can be
removed from the van area.

b. Balloon Inflation and Launching Device.
The balloon inflation and launching device should

“be some distance downwind from the rawin set

main assembly to facilitate automatic tracking of
the radiosonde at release.

¢. Computing Van. Concealment and view of
the balloon launching site are the major require-
ments for the van. Comfort of personnel operat-
ing inside the van may be increased by consider-
ing shade and the direction of prevailing winds
when the location of the truck is selected.

d. Power Units. The trailer containing the
power units must be placed under concealment; it
should be positioned where the noise of the gen-
erator will not interfere with the work of person-
nel in the van. The length of the power cable (46
meters) limits the distance that the power unit
may be separated from the van. Access to the
power unit for fueling, lubrication, and mainte-
nance is another consideration.

e. Baseline Check Set AN/GMM-1( ). The
baseline check set is placed in a shaded location
near the van and convenient for radiosonde test
activities. Although local conditions will neces-
sarily determine the site, a location near electri-
cal machinery, high-tension power lines, and com-
mercial telephone wires should be avoided. The
conditioning chamber must be located so that it is
shielded from direct or reflected rays of the sun.
There should be no obstacles, such as earth or

metallic objects, which would block the transmit-
ted signal between the baseline check set and the
rawin set main assembly. Baseline check proce-
dures are facilitated by placing the control unit
inside the van, where it can be operated by the
radiosonde recorder operator (RO). For more de-
tailed information, refer to TM 11-6660-219-12.



101. Survey Control

a. The area occupied by the met section must be
1dentified, and a line of direction must be estab-
lished therein. This is necessary because the loca-
tion and altitude of the met station are part of
the information transmitted with the met data,
and wind direction must be computed with res-
pect to true north. The specific requirements are:

(1) The location of the rawin set to within 6
minutes longitude and latitude (grid coordinates
are acceptable).

(2) The height of the met datum plane
(MDP) to the nearest 10 meters.

(3) A line of known direction, accurate to
0.1 degree (1.8 mils).

b. The location and altitude of the met station
may be established from a large-scale map by
spot inspection. If a large-scale map is not availa-
ble, the location must be established by survey.
Requests for survey control are sent to the corps
or division artillery survey officer.

¢. Direction may be established by use of the
compass on the theodolite, provided the theodolite
has been declinated for the area. A theodolite is
declinated when the 360° line points to true
north when the compass needle is centered. The
preferred method of direction control is by sur-
vey. Direction control furnished by the survey of-
ficer is a grid az'muth reference and must be con-
verted to a true azimuth reference. This conver-
sion is accomplished by means of the grid azi-
muth conversion chart in FM 6-16. This chart
gives the mil correction to be applied to the grid
azimuth, based on the location of the grid coordi-
nates, to obtain true azimuth.

d. Requests for survey control must be coordi-
nated so that control will be brought to a stake in
the ground at the rawin set; and direction will be
provided from that stake to a distant, clearly
identified reference point. Requests should spec-
ify whether geographic or grid coordinates are
desired.

102. Movement to Position

Movement of the met section must be planned
and organized to provide an uninterrupted flow of
met data required by the artillery firing units.
The unit (battalion, group, brigade) commander
is responsible for directing the movement of the
met section according to the tactical situation.

103. Personnel and Equipment Loading
Plan
a. Suggested Loading Plan for Artillery Met
Sections.

FM 6-15

(1) Truck 34-ton, 4x4, with trailer, cargo,
34.-ton.
Personnel
Met officer (WO)
Met plotter (E--3), driver
Senior met computer
Two met plotters
Two met computers
Equipment
Ax, single-bit, 4-1b, 43/-in. cut, 36 in. han-
dle :
Mattock, pick, 5-1b, nominal size, with 36-
in. long handle
Shovel, hand, round point, open back, D-
handle, 1114-to 1214-in. blade
Binocular, 7x50
Compass, mil graduations
Gun, machine, 7.62-mm
Mount, tripod, machine gun, 7.62-mm
Goggles, M-1944 (driver)
(2) Truck, cargo 214-ton, 6x6, with trailer,
cargo, 114-ton.
Personnel
Met plotter (E-3) driver
Ballistic met equipment mechanic
Chief met computer
Equipment
Ax, single bit, 4-lb, 43/-in. cut, 36-in. han-
dle
Mattock, pick, 5-1b, nominal size with 36-in.
long handle
Shovel, hand, round point, open back, D-
handle, 1114-to 1214-in. blade.
Generator set, gasoline engine,
(mtd in trailer)
Goggles, M-1944 (driver)
Power unit PE-75 (in trailer)
Chain, assembly, single-leg, with pear
links and grab hook
Meteorological station, manual AN/TMQ-4 com-
ponents
Can, corrugated, galvanized iron, 32-gal-
lon (in trailer)
Balloon inflation and launching device
ML-594/U
Charge, calcium hydride, ML-304A /TM (2
cases, 54 ea)

Battery pack BA-259 (4 cases, 24 ea)

Charge, calcium hydride, ML-305A/TM
(25 cases, 20 ea)

Charge, calcium hydride, ML-587/TM (20
cases, 20 ea)

Lighting unit ML-338/AM (10 cans)

Parachute, ML-132 (1 case, 100 ea)

10-kw

95



FM 6-15

Balloon ML—-537 (2 cases, 48 ea)
Balloon ML-541 (1 case, 48 ea)
Radiosonde AN/AMT-4( ) (4 cases, 24
ea)
(3) Truck 2Y,-ton, cargo, 6x6, with trailer,

water 114-ton.

Meteorological station, manual AN/TMQ-4 com-

Personnel
Met computer (E-4), driver
Met section chief (E-6)
Radiosonde operator
Equipment

AX, single-bit, 4-lb, 434-in. cut, 36-in,

handle

Mattock, pick, 5-lb, nominal size with 36-

in. handle

Shovel, hand, round point, open back, D-

handle, 11V4-to 1214-in. blade
Goggles, M-—1944 (driver)
Heater, water, imersion, gas-operated

Chain assembly, single-leg, with pear

links and grab hook

ponents

Hydrogen generator set AN/TMQ-3 (2 ea)

Ground rod (4 ea)
Clamp, electrical (6 ea)
Bracket assembly, antibouyancy (1 ea)

Charge, calcium hydride, ML-305A/TM

(25 cases, 20 ea)

Charge, calcium hydride, ML-587/TM (20

cases, 20 ea)
Battery pack BA-259 (4 cases, 24 ea)

Charge, calcium hydride, ML-304/TM (2

cases, 54 ea)

Launching reel MIL-367/AM (1 case, 48

ea)
Parachute ML-132 (1 case, 100 ea)
Balloon M-537 (1 case, 48 ea)
Balloon ML-541 (1 case, 48 ea)

Radiosonde AN/AMT-4( ) (4 cases, 24

ea)

(4) Truck, van shop, 2li-ton, 6x6, with

trailer, cargo, 11%-ton.
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Personnel
Met computer (E-4), driver
Met section chief (E-T7)
Equipment

Ax, single-bit, 4-lb. 43/-in. cut, 36-in.

handle

Mattock, pick, 5-b, nominal size with 36-

in. handle

Shovel, hand, round point, open back, D-

handle, 1114- to 1214-in. blade
Binocular, 7x50
Compass, mil graduations

Barometer, ML-333/TM

Watch, stop, type B

Case, field, office machine

Chair, folding (2)

Cook set, field

Clock, message center

Goggles, M-1944 (driver)

Stove, gasoline, 1-burner

Table, folding legs, wood (2)

Typewriter, portable, elite with case

Dynamic loudspeaker LS-166/U

Frequency standard TS-65/FMQ-1

Handset-headset H-144/U (2)

Multimeter TS-352/U

Radiosonde baseline check set AN/GMM-1

Radiosonde recorder AN/TMQ-5

Rawin set AN/GMD-1 (trailer-loaded)

Support, radiosonde recorder, MT-1355/
TMQ-5

Test set, electron tube, TV-7/U

Thermometer M1L-352/UM

Tool kit, radio and radar

Chain, assembly, single leg, with pear
links and grab hook

Meteorological station, manual AN/TMQ—-4 com-

ponents

Reel RL-39( )
Coupling ML—49
Wrench TL-112
Tool equipment TE-33
Telephone set TA-312/PT
Head and chest set HS-25C (2)
Wire, WD-1/TT, 400 meters
Psychrometer M1.-244 (4)
Nozzle ML-373/GM (2)
Jack JK-54 (2)
Pressure Time Chart, DA Form 6-49
Chart ML-574/UM
Thermometer and tubes (4)
Scale MIL-573/UM (2)
Board, plotting, ML-122 (2)
Anemometer ML-433/PM
Nozzle, balloon, M1-196 (2)
Straightedge ML-357/GM (2)
Tripod M1-1309/GM (1)
Theodolite M1.—474/GM, with case
Scale, plotting, ML-577/UM (2)
Barometer ML-102—( ) '
Hydrogen regulator MI-193

(ML-528/GM)
Sharpener, pencil
Rule, slide (2)
Timer, clock, FM-19
Twine, RP-15 (20 rolls)
Battery pack BA-259 (1 case, 24 ea)



Balloon ML-51A (1 box, 40 ea)
Parachute ML-430/U (150)
Balloon ML-161A (1 box, 10 ea)
Battery pack BA-259 (1 case, 48 ea)
Lighting unit ML-338/AM (10 cans, 6 ea)
Balloon ML-537 (1 case, 48 ea)
Radiosonde AN/AMT—-4 ( ) (1 case, 24
ea)
Balloon ML-159A (4 boxes, 10 ea)
Balloon ML-160A (1 box, 10 ea)
Balloon ML-50A (6 boxes, 20 ea)
Balloon ML-64A (2 boxes, 20 ea)
Blank forms
Necessary plotting and supply manuals
(5) Truck, 34-ton, 4x4, with trailer, cargo
3/ -ton.
Personnel
Radio TT Team Chief
Radio TT Operator (driver)

Radio TT Operator
E quipment
Ax, single bit, 4-1b, 434-in. cut, 36-in. han-
dle
Mattock, pick, 5-lb, nominal size, 36-in.
handle

Shovel, hand, round point, open back, D-
handle, 1114- to 1214-in. blade

Radio teletypewriter set AN/GRC-142

Generator set, gas engine, 3-kw, DC 28
volts, skid-mtd (in trailer)

d. Modifications, Often it is expedient for the
artillery met section to modify the loading plan
by loading the control-recorder and power cable
for the rawin set in the van, since these items are
used in the van area. Fragile items of equipment
must be protected from possible damage which
may be caused by road shock of the falling or the
crushing action of other equipment. A detailed
loading plan should be prepared for each vehicle
and kept with the vehicle, so that loading will be
uniform and complete from day to day. The en-
tire loading arrangement should be inspected pe-
riodically by the meteorological officer or chief of
section.

104. Duties of Personnel During Occupation
of Position
Ya. Meteorological Officer. The meteorological
officer (WO) is charged with the responsibility
of detailed reconnaissance of the area and super-
vision of the occupation of position and installa-
tion and checking of the equipment. He leads his
section to the area assigned by the unit com-
mander. With his chief of section, he conducts a
detailed ground reconnaissance and select posi-
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tions for the main items of equipment, sanitation
facilities, and local security. He selects a refer-
ence point and determines the met station loca-
tion and altitude from map or survey data. After
the electronic equipment is installed, he checks
the orientation of the rawin set, inspects the
grounding of the inflation equipment, verifies the
voltage and frequency output of the generator,
and checks the linear calibration of the radio-
sonde recorder AN/TMQ-5. As soon as practi-
cable, he contacts the supported units, reports
his location, and ascertains meteorological re-
quirements (if not previously known).

b. Met Section Chief. The met section chief as-
sists the met officer during the occupation of po-
sition. In the absence of survey data, the met
section chief sets up the theodolite and measures
the significant angular data to the reference
point for orientation of the rawin set.

¢. Temperature-Density Team. After the met
section chief has located the survey stake or ori-
ented the theodolite in the new position, the
rawin trailer is towed to the desired location and
uncoupled. (The trailer may affect the magnetic
field if it is moved into position before the theo-
dolite is oriented.) The van should immediately
be moved to its location by the chief of section.
The van should be connected to the power source
as soon as possible so that operation of the elec-
tronic equipment can begin. Assembly, cabling,
and orientation of the rawin set is performed im-
mediately by members of the temperature-den-
sity team. Immediately after installation of the
rawin set, the trailer is moved to an area of con-
cealment. When power is available, the recorder
operator should connect the radiosonde recorder
and perform the preliminary checks and calibra-
tion. The baseline check set is then assembled
and cabled in preparation for the preflight ecali-
bration of the radiosonde. The equipment is
camouflaged as outlined in FM 5-20. The team
on duty then moves to the van area to organize.
the working positions and lay out the forms,
tables, and required equipment.

d. Winds Team. While the temperature-density
team performs its work, the winds team works
independently on its portion of the occupation.
The inflation equipment is unloaded, and the
water trailer is uncoupled at the inflation site. At
the same time, the met equipment mechanic leads
the truck towing the power generator to its se-
lected site. The area around the power generator
should be cleared as a firebreak. A gasoline stor-
age pit is dug. The generator is then grounded,
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started, and the cables are connected. The infla-
tion device is erected, and all hydrogen generat-
ing equipment is installed and grounded. The met
equipment mechanic personally inspects and tests
the installation of the grounding equipment. The

Section lIl.

105. The Section Chief
The met section chief insures that all equipment

is in good operating condition and adequately
serviced. Special attention must be paid to the
power units to insure continuous power during
a flight. He determines the amount of total lift
of the balloon (para 66). The section chief should
personally verify the validity of the baseline
check of the radiosonde. He positions the rawin
set before making the baseline check and verifies
orientation. A standing operating procedure
which lists in detail the specific duties of each
team member during all stages of the flight will
enable the station chief to spend more time super-
vising the section.

106. Duties of the Temperature-Density
Team

a. Unpacking Radiosondes. When possible, ra-
diosondes should be stored indoors in their origi-
nal cartons. The storage space should be dry and
not subject to extreme temperatures. The cartons
are dated and should be arranged so that the
older radiosondes are used first. Individual radio-
sonde packages should not be opened more than
12 hours before use. Temperature and humidity
elements should never be opened until. time for
final assembly of the radiosonde. The water and
vapor proof containers and wrappings must be
removed carefully to avoid damage to delicate
parts. For further information regarding storage,
assembly, and use, see TM 11-2432A and TM
11-6660-220-10.

b. Visual Inspection of Radiosondes. The ele-
ment container is removed from the battery com-
partment. The baroswitch serial number on the
calibration chart is checked to insure that it
agrees with the serial number on the baroswitch
or hypsometer. (Examples of calibration charts
are shown in fig. 60.) The instrument is rejected
if these serial numbers do not agree. Each baros-
witch and hypsometer is individually calibrated,
and the correct chart must be used. The elements
are inspected to insure that they are present and
in usable condition. The overall condition of the
modulator and wiring is inspected, and defective
units are rejected. The transmitter is inspected
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final steps are the storage of expendable inflation

supplies and the camouflage of the installation as
outlined in FM 5-20. The winds team on duty
then moves the van area to lay out the neces-
sary forms, tables, and plotting equipment.

TEAM DUTIES BEFORE BALLOON RELEASE

for damage to the case, wire, and plug. The fol-
lowing seven points should be checked:

(1) The linkage connecting the aneroid
cell(s) to the pin arm is check for the presence
of corrosion. The modulator is rejected if corro-
sion exists.

(2) The commutator bar is examined for
corrosion. If the bar is corroded, it should be
rubbed with lens tissue.

Caution: Be sure to rub the bar in a di-
rection parallel to the conducting segments.

(3) The element clips are cleaned of corro-
sion with abrasive paper. _

(4) The hypsometer is visually inspected,
without removing it from the modulator.

(5) With the pin arm on the commutator
bar, the radiosonde is inverted. If the pin arm
falls away from the commutator bar, the modula-
tor is rejected.

(6) The pin arm is moved, with the finger,
one contact in the direction of decreasing pres-
sure and released. If it does not spring back to its
original position, the modulator is rejected.

(7) The correct setting of the pin arm is
determined from a barometric reading and the
modulator calibration chart. If the pin arm posi-
tion is not within 2.0 contacts of the correct
setting, the modulator is rejected.

c¢. Commutator Bar and Pin Arm Setting. The
pressure calibration chart packed with each ra-
diosonde modulator reflects the relationship be-
tween air pressure and the position of the pin
arm on the commutator bar. This calibration
chart is prepared by the manufacturer for each
individual modulator and is based on the move-
ment of the pin arm across the commutator bar
as the air pressure is decreased inside a vacuum
chamber. However, the position of the pin arm
relative to the commutator bar may be changed
during transit and storage. For this reason, the
met section must adjust the pin arm to the posi-
tion that corresponds to the ambient air pressure.
The adjustment is performed after baseline
check. The procedure for positioning the commu-
tator bar relative to the pin arm is as follows:
(1) Commutator adjustment by sound
method follows:
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Figure 60. Pressure calibration chart.
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(a) Determine the station pressure, in
millibars, from the barometer.

Y% (b) Enter the pressure calibration chart
with the station pressure as the argument and
determine the correct contact number to the
nearest 0.1 contact. This contact number refers
to the relative position of the pin arm on the
commutator bar.

Y (¢) Identify the audio sound heard at the
speaker of the radiosonde recorder with either
temperature, humidity, or reference by crossing
the wires on the modulator. (If the Signal Se-
lector Switch is set in the signal position and
the Power Switch is set in the stand-by position,
the relative positions of these signals, on the
chart, can be observed.)

(d) The audio tone heard will indicate
whether the pin arm is on a conducting segment
(reference or humidity) or an insulating segment
(temperature). For example, if the correct con-
tact number is 5.4 the pin arm must be set be-
tween 5.0 (reference) and 6.0 (humidity). Once
this position is confirmed, adjust the commutator
bar adjusting screw so that the pin arm is at
the beginning of 5.0 and a reference tone is
heard.

(e) Lower the pin arm onto the commuta-
tor bar.

(f) Turn the commutator bar adjusting
screw to position the commutator toward lower
pressure so that the pin arm is on the beginning
of the next higher contact number (6.0). The
operator counts the number of clicks as he turns
the adjusting screw. The reference tone is heard
as the movement of the commutator bar begins
(5.0) and then changes as the pin arm position
leaves the conducting segment, and the-tempera-
ture tone is heard until the next conducting seg-
ment is reached (humidity 6.0). The total num-
ber of clicks counted during this movement repre-
sents the width of the correct contact, the fifth
contact in this example.

‘(¢) The position of the pin arm within
the correct contact is determined by multiplying
the number of clicks in the width of the contact
by the decimal portion of the correct contact
number. The commutator bar is then returned to
the beginning of the contact just counted and ad-
vanced, toward lower pressure, the number of
clicks computed.

(h) For example, the calibration chart in
figure 60 shows that the correct position of the
pin arm of the modulator is 5.4 contact for a
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pressure of 967 mb. The operator’s visual inspec-
tion shows the pin arm to be about halfway be-
tween the fifth and sixth contacts. Move the pin
arm position to the beginning of the fifth contact
by turning the commutator bar adjusting screw.
The reference tone will be heard when the pin
arm reaches the conducting segment and will con-
tinue until the tone changes. This point is 5.0
contacts. Then turn the adjusting screw counter-
clockwise, moving the pin arm position across the
reference segments. The tone will change as the
pin arm position moves from the conducting seg-
ment to the insulating segment (temperature).
The number of clicks from 5.0 to 6.0 contacts is
24. Four-tenths of 24 clicks is 10 clicks. The oper-
ator then returns the pin arm to 5.0 and advances
the pin arm position 10 clicks into the fifth con-
tact. The pin arm is now positioned at 5.4 con-
tacts.

(2) An alternate method for adjusting the
commutator is the use of the baseline check set
and is referred to as the light method; this
method is deseribed in TM 11-6660-219-12.

107. Preparation of Battery Pack
BA-259/AM

a. Description. Battery pack BA-259/AM is a
water activated battery which supplies the power
required to operate the radiosonde. The average
time required for the battery to be activated and
achieve full power is 20 minutes. The life of the
battery is about 4 hours. '

b. Preparation. Instructions for activating the
battery are printed on the battery cover. Different
manufacturers prescribe slightly different pro-
cedures for activating the battery.

108. Assembly and Electrical Test of the
Radiosonde

a. General. The assembly of the radiosonde
should be scheduled according to the required
time of release. Assembly far in advance of the
time of release is to be avoided. A time interval
of 20 minutes is allowed for activation of the bat-
tery and production of full power. Another time
interval of 15 minutes is allowed for performance
of the baseline check. These time intervals are
approximate. Experience will indicate the amount
of time required to assemble the radiosonde under
varying conditions encountered in the field.

b. Procedure. After activation, the battery is
placed on the battery shelf of the baseline check
set and connected to the plug provided. The bat-
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tery should always be placed with the top of the
battery up. Next, the transmitter is attached to
the modulator and the electrical connection is
made between the battery and the radiosonde. A
minimum of 10 minutes is required for the bat-
tery to attain suffic'ent operating power. The pur-
pose of this step is to permit performance of the
electrical tests of the radiosonde prior to the in-
stallation of the sensing elements. After the bat-
tery has built up to sufficient operating power,
the rawin receiver is tuned to receive the fre-
quency being transmitted by the radiosonde. The
SIGNAL SELECTOR switch of the radiosonde
recorder is positioned to the SIGNAL position,
and the RECORDS CONTROL switch on the con-
trol-recorder is positioned to the BASELINE po-
sition. With no elements installed on the radio-
sonde, no audio tone or pen movement should be
present at the radiosonde recorder at this time. If
an audio tone or pen movement is present at this
time, electrical leakage is present in the modulator
and the modulator should be rejected. Next, place
two fingers in contact with the temperature ele-
ment clips. The pen should depart from the zero
position and an audio tone should be heard from
the speaker indicating proper functioning of the
temperature circuit. If no pen movement occurs
and no audio tone is heard, reject the modulator.
Next, cross the black and yellow test leads. The re-
lay in the modulator should be heard closing. The
pen should depart from the zero position and move
to about five recorder divisions on the chart and a
put-put audio tone should be heard from the
speaker. If no pen movement occurs and no audio
tone is heard, reject the modulator. Next, the
blue and black leads are crossed. The pen should
depart from the zero position and travel to about
95 divisions on the recorder record and a high-
pitched audio tone should be heard from the
speaker, indicating proper functioning of the ref-
erence circuit. If no pen movement occurs and no
audio tone is heard, reject the modulator. If all
three circuits fail to cause pen movement or audio
tone, the probable cause is in the transmitter and
not in the modulator. After the electrical test has
been completed, insuring a properly functioning
radiosonde, the electrical connection between the
radiosonde and battery is disconnected. The ra-
diosonde is removed from the baseline check set,
and the sensing elements are installed. The hu-
midity element is installed first and then the tem-
perature element. Prior to installing the humid-
ity element the excess carbon is removed from
the electrodes by lightly scraping with a pocket
knife or a suitable item. Scraping the electrodes
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insures better contact between the element and
the element clips. To install the humidity ele-
ment, the humidity element cover is raised and
the element is inserted into the element clips. To
install the temperature element, the temperature
element arms are raised and locked in an ex-
tended position. The element leads should be
clamped in the rough portion of the clips, with
the element centered between the clips. About
half the lead wires are left free of the clips and
twisted around the element clips to further se-
cure the temperature element. The leads are bent
so that the temperature element extends away
from the modulator. When the radiosonde is re-
leased, the temperature element should be in the
opposite direction from the balloon train so that
it will not be broken. Immediately after the in-
stallation of the elements, the radiosonde is
placed in the baseline check set, which has been
prepared as described in paragraph 89b and e,
and the electrical connection is made between the
radiosonde and battery. Then the chamber door is
closed and the POWER and FAN switches on the
baseline control unit are turned to the ON posi-
tion. During the entire assembly of the radio-
sonde, the pin arm should be in the OFF position.
While the conditions inside the baseline check set
are stabilizing, the power output check and the
frequency check are performed.

Caution: Be careful to handle the humidity
element by the edges and the temperature ele-
ment by the lead wires when installing the ele-
ments in the modulator. Reject broken, chipped,
scratched, or fingerprinted elements.

109. Power Output Check and Frequency
Setting Using Test Set TS-538/U

a. Use of Test Set TS-538/U in Checking Ra-
diosonde Power Output. A small antenna is car-
ried under the removable cover of test set
TS-538/U. For use, it is firmly screwed in place
in the socket on top of the set. The test set is ori-
ented so that the antenna is parallel to the radio-
sonde transmitter antenna. Ordinarily, the test
set is positioned as shown in figure 61. As the test
set is moved close to the radiosonde transmitter,
the needle on the meter of the test set will deflect.
The power output of the radiosonde is satisfac-
tory if the needle deflects into the GOOD (green)
rortion of the dial while the antenna and the
transmitter are 8 to 12 inches apart. If the an-
tenna and transmitter are too close, excess power
may cause the meter needle to deflect off the scale
and may possibly damage the test set.
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b. Use of Test Set TS-538/U in adjusting Ra-
diosonde Frequency. After the power output of
the radiosonde is determined to be satisfactory,
the test set is positioned so that the meter needle
indicates about two-thirds of the scale. The FRE-
QUENCY METER dial is then rotated until the
meter needle dips to the left and quickly returns
to its previous position. This dip is sometimes
very slight and difficult to detect, since the slight-
est movement of the test set or the radiosonde
transmitter will also cause the needle to deflect.
After the dip is observed, the FREQUENCY
METER dial is adjusted until the meter needle
indicates the lowest point of the dip. At this
point, the reading on the FREQUENCY METER
dial indicates the frequency of the carrier wave
being transmitted. If this frequency is not the de-
sired carrier frequency, an appropriate adjust-
ment is made, using the frequency adjusting
screw(s) on the radiosonde transmitter. An
arrow on the transmitter case indicates the direc-
tion in which the frequency adjusting screw(s)
must be turned to raise the frequency. The
screw(s) is adjusted until the desired frequency
is read on the FREQUENCY METER dial. The
radiosonde recorder operator may now proceed
with the baseline check.

Note. After the baseline check is completed and be-
fore the radiosonde is removed from the baseline check
set, another frequency check is made with the test set
to insure that the radiosonde transmitter is properly set
on the desired frequency.

110. Baseline Check of Radiosonde and
Sensing Elements

The radiosonde recorder record consists of a se-
ries of traces representing the values of tempera-
ture, relative humidity, and pressure at selected
points in the atmosphere. Values of temperature
and relative humidity are represented by the po-
sitions of the respective traces across the record
as measured in recorder divisions. Thus, in order
to obtain the temperatures in degrees Celsius and
the relative humidities in percent, the value of
the relationship between the recorder record divi-
sions and each of these elements must be estab-
lished. The two relationships are determined by
the baseline check set AN/GMM-1( ) and com-
puter, humidity-temperature, CP-223B/UM. By
means of the baseline check set, the known condi-
tions of temperature and relative humidity are
measured by the radiosonde. These radiosonde
measurements are printed as recorder divisions
on the recorder record. These recorder divisions
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Figure 61. Position of test set for frequency
setting and power check.

are then compared with the measured values of
temperature and relative humidity by means of
the humidity-temperature computer. The mea-
sured values are obtained from the psychrometer
within the baseline check set and from chart VIII
in FM 6--16. Before any comparisons are made,
the characteristics of the air inside the check set
must be stable (i.e., the radiosonde elements must
be sensing the same air sample as the psychrome-
ter). The requirements for obtaining stable air
inside the check set are listed in ¢ below. The
baseline check is performed as follows:

a. While the power output and the frequency
of the radiosonde transmitter are being checked,

the rawin set is pointed in the general direction
of the radiosonde. Then the rawin set is tuned to
the radiosonde carrier frequency so that the re-
ceived signal indicates a strength of 60 or more
microamperes on the TUNING METER. Values-
lower than this will be obtained until the power
output of the battery reaches its operational level.

b. After the rawin set is tuned; the automatic
tracking feature of the rawin set is checked. The
antenna assembly is manually positioned to a
point a few degrees above and to the side of the
radiosonde. Then the MANUAL-NEAR AUTO-
FAR AUTO control on the antenna control panel
(®, fig. 50) is turned to the NEAR AUTO posi-
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tion. If the rawin set is tracking properly, it will
automatically position itself on the radiosonde.
This check is repeated several times to insure
that the set is tracking automatically in both
azimuth and elevation. If the set will not track
automatically, the fault must be corrected before
the radiosonde is released.

¢. When the automatic tracking check has been
performed, the rawin set antenna is manually po-
sitioned toward the baseline check set. Nor-
mally, in this position the antenna is directed
about 20° above the radiosonde in order to mini-
mize the effect of ground-reflected waves and to
lessen the signal strength. Either ground-
reflected waves or an excessive signal strength
may cause an erratic tracing by the radiosonde
recorder pen. Erratic pen tracing may also be
caused by motor ignition, radio transmitters, or
movement of personnel in the area of the rawin
set and the radiosonde.

d. After the rawin set is directed toward the
baseline check set, the MOTORS-STANDBY
switch is placed in the STANDBY position. The
switch is left in this position throughout the
baseline check, as operation of the motors may
result in fluctuation of the recorder pen.

e. The met signal is received at the radiosonde
recorder by placing the SIGNAL SELECTOR
switch on the radiosonde recorder in the SIG
position and placing the RECORDS CONTROL
switch on the control-recorder (fig. 51) in the
BASELINE CHECK position. Prior to this, the
radiosonde recorder should have been calibrated
and prepared for operation as described in chap-
ter 6.

f. Prior to performing the baseline check, the
following test should be performed as a partial
check for poor electrical contact at the terminal
strip of the baseline check set :

(1) Cause the radiosonde to transmit low
reference signal by shorting the black and the
blue test leads. Adjust the low reference printed
by the radiosonde recorder to 95.0 recorder divi-
sions.

(2) Place the test leads into the baseline
check set terminal strip and set the SELECTOR
switch of the baseline check set control unit to
REFERENCE. The radiosonde recorder pen
should print within 0.5 recorder divisions of the
95th recorder division. If this condition exists,
the baseline check may be performed; otherwise,
clean the terminals on the terminal strip and the
radiosonde test leads and repeat the test.
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g. Recommended limits within the tempera-
ture-humidity chamber for baseline check are 28
to 50 percent relative humidity and a tempera-
ture of 0° C. or higher. Every reasonable effort
should be made to obtain baseline check condi-
tions within these limits. The battery is always
installed on the pullout shelf on the right side of
the chamber when using Humidity Element ML-
476/AMT; power is connected to the radiosonde
through the socket on the chamber wall. If the
relative humidity is over 50 percent, approxi-

.mately 4 ounces of dry calcium chloride should

be placed in the tray inside the chamber to reduce
the humidity. Additional calcium chloride should
be used if necessary to bring the relative humid-
ity within the chamber to 50 percent or less. If
the relative humidity is less than 28 percent, the
tray inside the conditioning chamber should be
filled about three-quarters full with water to raise
the humidity.

h. The temperature and humidity reference
traces are identified and marked (6, fig. 62) on
the recorder record by switching the baseline
check set SELECTOR switch to the TEMPERA-
TURE and HUMIDITY positions. After the
traces are located on the record, the SELECTOR
switeh is turned to AUTOMATIC. In this posi-
tion, the baseline check set will continuously
switch the transmitted signal through the follow-
ing cycle of traces, each trace being 15 seconds
in duration: reference, temperature, reference,
humidity. Each reference trace that is printed
is adjusted to exactly 95.0 recorder divisions (8,
fig. 62) with the REF ADJUST handwheel, if
necessary (1, fig. 62).

*:. The recorder operator observes the position
of each trace. Four successive traces of refer-
ence, two successive traces of temperature and
two successive traces of humidity that do not
deviate from a trend by more than three tenths
of a recorder division are required to be recorded.
When this condition has been met, the baseline
check is then terminated utilizing temperature
as a final recorded trace.

4. After 10 minutes, if the successive traces of
temperature and humidity are not being printed
within the prescribed criteria, and conditions in
the baseline check set chamber may not be stable.
To obtain stability, the following actions may be
taken: Make certain that the fan is operating.
Be sure the baseline check set is out of the direct
rays of the sun. If the temperature and humidity
traces still are not being printed within the pre-
sceribed criteria, new temperature and/or humid-
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Figure 62. An evaluated baseline check.

ity elements are installed and a new Dbaseline
check is performed. If the reference traces fail to
meet the prescribed criteria, immediately inform
the maintenance technician.

k. When the requirements for a baseline check
are met, the check is terminated on a temperature
trace. The SIGNAL SELECTOR switch is placed
in the SC position. At the same time, the psychro-
meter inside the chamber is read—first, the wet
bulb temperature, then the dry-bulb temperature.
These temperatures are read carefully to the
nearest 0.1° C. and entered on the radiosonde re-
corder record and the radiosonde data sheet. The
SIGNAL SELECTOR switch remains in the SC
position until the zero print has recorded for a
minimum of 1 inch to insure that no chart drifts
exists. The POWER ON-POWER OFF-STAND
BY switch is-placed in STAND BY position, and
the chart is advanced manually to the evaluation
desk.

{. The radiosonde is left in the baseline check
set atmosphere chamber until the validity of the
baseline check is determined. The baseline check
is verified as quickly as possible by the section
chief and the radiosonde recorder operator. If the
baseline check is valid, the baseline check set
SELECTOR switch is set to the TEMPERA-
TURE position and the POWER, FAN,
HEATER, and LIGHT switches are turned off. If
the baseline check is not valid, new temperature
and/or humidity elemznts are installed and a new
baseline check is performed.

111. Evaluation of the Baseline Check

In figure 62, low reference traces 1, relative hu-
midity traces 2, and temperature traces 3 are
shown. The first step in evaluating the baseline
check is to establish a baseline 4. The baseline 4
is a horizontal line drawn across the record
through the top of the last temperature trace.
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The next step is to evaluate the temperature
trace. A thin siraight line 5 is drawn through the
top left corners of the last two temperature
traces and extended about one-fourth inch above
the baseline. The recorder division value corre-
sponding to the point of intersection of the line
drawn through the temperature traces and the
baseline is evaluated to the nearest 0.1 recorder
division. The ordinatz value of temperature, the
calibration correction, the algebraic sum of the
temperature ordinate and the calibration correc-
tion, and the dry-bulb temperature inside the
baseline check set are recorded above the baseline
as shown by 7 in figure 62. Humidity is evaluated
in the same manner as temperature, but the
values are entered below the baseline and en-
closed in parenthesis. In addition, the corrected
recorder divisions for humidity are equated to the
percentage of relative humidity determined from
the wet- and dry-bulb temperatures and the rela-
tive humidity chart in FM 6-16. The recording of
25° C. and its equivalent in recorder divisions is
placed below the baseline in the center of the
chart as a verification of a valid baseline (9, fig
62). The last step in evaluating the baseline
check is to record the baseline check items on the
lefthand side of the record with the first item
above the baseline and the others below it. The 11
items, in sequence, are—

a. The words “baseline check” and the time
(GMT) of the last trace (above the baseline).

b. The designation of the station (just below
the baseline).

¢. The station altitude in meters.

d. The date of the flight (GMT) and the flight
number.

e. The dry-bulb temperature to the nearest
0.1° C. as read inside the baseline check set at
the time the baseline check is terminated.

f. The wet-bulb temperature determined at the
same time as the dry-bulb temperature (e above).

¢g. The baroswitch serial number and the type
of radiosonde.

h. The type of temperature element installed
in the radiosonde.

i. The type of humidity element installed in
the radiosonde.

j. The name of the computer (radiosonde re-
corder operator).

k. The name of the checker (temperature-den-
sity plotter).

112. Humidity-Temperature Computer

a. Functions, The humidity-temperature com-
puter CP-223B/UM (fig 63) is used to determine
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the validity of the baseline check and to convert
the recorder divisions of temperature into de-
grees Celsius and the recorder divisions of rela-
tive humidity into percentages.

b. Description. The computer is a circular slide
rule consisting of three concentric plastic disks
fastened together at their centers with a common
screw and two knurled knobs so that each disk
rotates independently. Also on the same center is
a transparent arm (cursor) with a hairline en-
graved on its long axis. The hairline is used to
aline the graduations of one disk with those of
another. The cursor is graduated in degrees Cel-
sius. The largest disk (base plate) is inscribed
with the temperature scale. The middle disk is
graduated in units representing frequency in re-
corder divisions. The smallest disk (humidity
plate) consists of a family of curves representing
the percent of relative humidity.

c. Establishing the Temperature-Recorder Di-
vision Equivalency. The temperature-recorder di-
vision equivalency is set on the computer by posi-
tioning the hairline of the cursor over the base-
line check-set dry-bulb temperature to the near-
est 0.1° C. on the temperature scale (base plate).
With the cursor held firmly in place, the recorder
division plate is rotated until the correct recorder
division value of the baseline temperature, to the
nearest 0.1 recorder division, falls under the
hairline. The smaller knurled knob is firmly
tightened, and the larger knurled knob is
loosened one-half turn, These steps complete the
setting of the temperature equivalency.

d. Establishing the Humidity-Recorder Divi-
ston Equivalency. The humidity-recorder division
equivalency is established by rotating the cursor
to position the hairline directly over the cor-
rected baseline check value of humidity recorder
divisions on the recorder division plate. The hu-
midity plate is then rotated with the cursor held
in place until the baseline check percentage of
relative humidity is directly under the point cor-
responding to the dry-bulb temperature. The
baseline humidity should be visually interpolated
to the nearest percent on the humidity plate. The
larger knurled knob is tightened firmly.

e. Conversion of Temperature-Recorder Divi-
sion Value to Degrees Celsius. The temperature-
recorder division value is converted to degrees
Celsius by positioning the cursor hairline over
the recorder division value on the recorder divi-
sion plate and reading the temperature to the
nearest 0.1° C. under the cursor hairline.

f. Conversion of Humidity-Recorder Division
Values to Percent of Relative Humidity. The hu-
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CP-223C/UM.

midity-recorder division value is converted to
percent of relative humidity by positioning the
cursor hairline over the recorder division value
and locating on the hairline the temperature at
which the humidity measurement took place. The
percent of relative humidity is read under this
point on the humidity plate. Humidity is read to
the nearest whole percent by interpolating be-
tween the printed curves. A complete set of in-
structions is printed on the computer.

113. Determining Validity of Baseline

Check
Y The baseline will be considered valid if the fol-

lowing requirements are met. After the humidity-
temperature computer CP-223C/UM has been
set with the baseline check data, the 25° C. grad-
uation on the base plate should be compared with
the corresponding recorder division value on the
recorder division plate. If the 25° C. graduation
falls between 66.5 and 68.9 recorder divisions, the
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temperature element is good (fig. 63). If the 25°
C. graduation is outside these limits, the tempera-
ture element should be replaced and another base-
line check performed.

114. Final Check of Radiosonde and Receiving
Equipment

After the validity of the baseline check has been

determined, the frequency of the radiosonde is

rechecked with the test set TS-538/U and the

radiosonde is removed from the conditioning

chamber for final preparations.

a. Installation of Battery. The battery is re-
moved from the pullout shelf of the conditioning
chamber and installed in the radiosonde.

b. Check of Signal Strength. After the bat-
tery has been installed, the radiosonde signal
strength should be rechecked. The rawin set
antenna sssembly is pointed in the general direc-
tion of the radiosonde and the signal strength is
noted at the rawin set. There should be a reading
of 60 or more microamperes on the TUNING
METER.

¢. Rechecking of Pin Arm Setting. The pin
arm of the radiosonde is rechecked to insure that
its position in regard to contact number, corre-
sponds to the surface pressure read from the ba-
rometer.

d. Exposure of the Radiosonde. When the tem-
perature within the baseline check set differs
drastically from the actual surface temperature,
a short exposure of the radiosonde to outside con-
ditions may be necessary before the reference-
temperature-humidity check is performed.

e. Automatic Tracking. As the radiosonde is
carried to the inflation tent, the automatic track-
ing of the rawin set is rechecked.

% f. Reference-Temperature-Humidity Check.
The radiosonde recorder operator positions the
SIGNAL SELECTOR switch to the SIG position
and the POWER ON-POWER OFF-STAND BY
switch from STAND BY to POWER ON position.
After the signal strength check has been com-
pleted, a check of reference, temperature, and
humidity is made. There are two purposes for
performing this check. The first is to aline the
pen of the radiosonde recorder on the 95th re-
corder division of the recorder record while a low
reference signal is transmitted from the radio-
sonde. The second is to obtain the values of
temperature and relative humidity at surface.
These checks (2, fig. 74) are made just prior to
release of the radiosonde. To perform these
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checks, the radiosonde is taken to the release
area and held by the modulator away from the
body of the operator at approximately six feet
above the ground. To make the low reference
check, connect the blue and black test leads on
the outside of the modulator (pin arm up), and
permit a short trace to print on the radiosonde
recorder record. With the REF-ADJUST hand-
wheel, adjust the pen of the recorder so that low
reference prints at 95.0 recorder division. This
adjustment reasonably insures that the first low
reference trace after release will print at 95.0
recorder divisions and minimize frequency drift.
To make the temperature check, open the leads
that were crossed to obtain a reference signal
and allow a short temperature trace to print on
the radiosonde recorder record. To make the
humidity check, cross the yellow and black test
leads on the modulator and allow a short trace to
print on the radiosonde recorder record. The tem-
perature trace is evaluated to the nearest 0.1° C.
and the humidity trace is evaluated to the near-
est percent relative humidity by use of the
humidity-temperature computer CP 223C/UM.
These values of temperature and relative humid-
ity are used as surface data.

9. Clip Leads. The radiosonde test leads should
be clipped off to prevent shorting.

k. Lowering the Pin Arm. The pin arm of the
radiosonde is placed in the ON (down) position.

115. Duties of the Winds Team
The preflight duties of the winds team require

approximately 30 minutes. While the tempera-
ture-density team makes the baseline check, the
zone wind and ballistic wind plotters complete
the inflation of the sounding balloon and prepare
the balloon train.

a. The zone wind computer prepares DA Form
6-49 (Pressure-Time Chart) after the tempera-
ture-density team has accepted the radiosonde.

b. Upon completion and verification of the ref-
erence-temperature-humidity check, the zone
wind computer repositions the RECORDS CON-
TROL switch to the STAND BY position and
resets the TIME indicator on the control recorder
to zero.

116. Preparation of the Pressure-Time
Chart, DA Form 649
A table (fig. 64) for recording pressure and time
for each reference contact is located on the pres-
sure-time chart.
a. The following information should be en-



STATION:
tered in the appropriate spaces of the table: sta- LOCATION:
tion, location, flight number, date, release time, : )
baroswitch serial number, computer, and checker. az:/ J;Zé, Ma
b. The contact number corresponding to the FLIGHT NR: 3
surface pressure is entered in the bottom box of -
the left column and the surface pressure is en- DATE: 17 FEB 64
tered in the center column. RELEASE TIME
¢. In the left column, the numbered reference MMO GMT
contacts lower than the contact number corre- ﬁ%?‘EAE%T gggggg;e gr?uEIACT
sponding to the surface pressure are crossed out. »* (Mb).  |(Min & Tenths)
For example, if the contact number correspond- : a 2) 3)
ing to the surface pressure is 5.4, the contact 120
number 5.0 is crossed out. s 73 58.4
d. The pressure for each reference contact 10 88 55.9
number listed in the left column is read from the 104" - 5/.5
appropriate radiosonde pressure calibration chart 105 /20 48. 8
to the nearest whole millibar and recorded in 100 /40 46.0
the center column. : 95 1é2 43.5
e. The right column is provided for recording 90 /8¢ 40.8
the time each reference contact is reached. Times 85
are obtained from the control-recorder tape and 80 215 37.6
are entered as they become available during the 240 33.1
flight. 75 2% 32.6
| 70 314 29.5
117. Offset Release x
The rawin set must begin automatic tracking im- 65 338 allal
mediately at release if low-level winds derived 60 373 xxX
from the rawinsonde system are to be considered 55 4/3 22.8
accurate. An offset release point of at least 100 50 455 20.6
meters is recommended in order to permit auto- a5 500 /8. 2
matic tracking by the rawin set from the time of -
release. This offset distance is based on balloons 40 548 /5.7
with a rate of rise of approximately 300 meters 35 600 /3.3
per minute. For faster rising balloons, the offset 30 653 7/.0
distance must be increased proportionately with 25 770
the rate of rise of the balloon; i.e., a 100-meter 8.7
offset for balloons with a rate of rise of 300 20 772 6.6
meters per minute and a 170-meter offset for 15 837 4.4
balloons with a rate of rise of 500 meters per 10 G4 1.
minute. —5—
Surface 5.4 967 0.0
—“MODULATOR-NR:
BAROSWITCH 6 76 700
OMPUTER:
C UTER 4
CHECKER: J )
% CROSS OUT LINES FOR
CONTACT LESS THAN RELEASE
CONTACT NR.

Figure 64. Recording contact pressure and time on
Pressure-Time Chart (DA Form 6-49).
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Section IV. TEAM DUTIES DURING BALLOON RELEASE

118. Duties of the Section Chief _
The section chief is in charge of all operations at

the moment of release and must coordinate the
activities of all personnel to insure maximum
speed and efficiency. He announces the type of
release to be used and gives the command
WARNING—RELEASE. Immediately after re-
lease, he insures that the rawin set is tracking
and operating automatically. If necessary, he
manually operates the rawin set until it is posi-
tioned on the radiosonde and then switches to
automatic tracking. After 2 minutes, he sets the
antenna control MANUAL-NEAR AUTO-FAR
AUTO sgwitch to the FAR AUTO position.

119. Duties of the Temperature-Density

Team _
Just before the command RELEASE, the radio-

sonde recorder operator positions the rawin
TIME PRINT switch to the AUTO position. At
the command RELEASE, he positions the REC-
ORDS CONTROL switch on the control-recorder
from STAND BY to FLIGHT. He verifies that
the data are being properly received and notes
the time of release. The temperature-density plot-
ter evaluates the traces obtained during the ref-
erence-temperature-humidity check (2, fig. 74)
for temperature and relative humidity and enters

'these values opposite RELEASE DATA on DA

Form 6-43 (Radiosonde Data) (fig. 87). He reads
the barometer and enters the surface pressure
opposite RELEASE DATA on DA Form 6-43,
along with its contact equivalency.

120. Duties of the Winds Team
The zone wind plotter and ballistic wind plotter

are responsible for performing the actual release.
It is the responsibility of the man who releases
the radiosonde to see that the pin arm is placed
in the ON (down) position just before release
and to determine the offset distance. After the
release, the zone wind plotter measures the sur-
face wind with the anemometer. Assisted by the
ballistic wind plotter, he then polices the infla-
tion area and prepares for the next flight. The
balloon for the next flight is not inflated im-
mediately after a release; but the charges, twine,
and parachute may be set out and the balloon
may be conditioned if required. Just before re-
lease, the zone wind computer insures that the
control-recorder is ready (i.e., the PRINTINGS
PER MINUTE switch at 10 prints per minute,
the TIME indicator at zero, and the RECORDS
CONTROL switch in STAND BY). The zone
wind computer records the time of release on

the pressure-time chart. '

Section V. DUTIES OF TEMPERATURE-DENSITY TEAM DURING FLIGHT

121. General Duties
a. During the flight, the temperature-density

team computes temperature and density values.
The duties performed by each team member and
the computations involved are described in this
section.

b. The data determined by the recorder opera-
tor are used by the temperature-density plotter
and the temperature-density computer, who de-
termines the final zone and ballistic quantities.
Each man on the team is responsible for checking
the data received from the man before him. The
station chief checks the entire set of data for
inconsistencies before he records the results on
the met message forms.

122. Flight Duties of the Radiosonde
Recorder Operator
a. During the flight, the primary duty of the
recorder operator is to evaluate the radiosonde
recorder record. The recorder record is printed

automatically, but the recorder operator adjusts
the print of each incoming low reference to a re-
corder division value of 95.0 with the reference
adjust handwheel. Before making the adjust-
ment, the operator should allow the recorder to
print for a moment so that the beginning of the
trace can be easily identified. The record should
be evaluated as it becomes available.

%b. Once the record is evaluated the informa-
tion is recorded on DA Form 6-43 (fig. 87). This
information is then converted to pressure in mil-
libars by using the radiosonde calibration chart
and to temperature in degrees Celsius and rela-
tive humidity in percent by using the Humidity-
Temperature Computer CP 223C/UM.

¢. When the required altitude has been met
(para 78f), the recorder operator rotates the
SIGNAL SELECTOR switch to the SC position
for 10 seconds, turns off the recorder, and com-
pletes the evaluation of the record. He then
checks the data prepared by the temperature-den-



sity computer and assists with the ccmputations
of temperature and density berore they are
turned over to the section chief.

123. Evaluvation of tha Padiosande Re-
corder Record

a. The general design of the recorder record is
described in this paragraph, and the evaluation
of the record is described in subsequent para-
graphs of this section.

b. The radiosonde recorder record consists of a
series of traces representing the values of tem-
perature, relative humidity, and pressure. These
traces are printed during a radiosonde flight on a
chart containing a grid of vertical znd horizontal
reference lines. There are 101 vertical lines
evenly spaced from one side of the record to the
other. The space between two adjacent lines is de-
fined as 1 recorder division. Each 10th vertical
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line is numbered across the record from 0 on the
left to 100 on the right (fig 65). Horizontal lines
are spaced one-half inch apart on the recorder re-
cord (this spacing is consistent with normal
paper feed speed of one-half inch per minute.) As
a radiosonde is carried aloft, the values of tem-
perature, pressure, and relative humidity are
transmitted in the form of a pulse-modulated ul-
trahigh-frequency (UHF) signal which is re-
ceived by the rawin set. The order of transmis-
sion is predetermined by the construction of the
commutator bar. Modulation occurs in the audio-
frequency range, and this met signal is printed on
the record at a recorder division value equal to
one-half of the frequency, i.e., a frequency of 120
Hz is printed at 60 recorder divisions. A discus-
sion of how the values of temperature, relative
humidity, and pressure are measured by the ra-
diosonde and recorded on the chart by the radio-
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sonde recorder is presented in paragraphs 124
through 126.

124. Temperature

The electrical resistance of the temperature ele-
ment is a function of its temperature. This prin-
ciple is utilized in the radiosonde with the effect
that a radio signal is transmitted which contains
temperature information in the.form of frequen-
cies from 8 to 170 Hz. These frequencies vary di-
rectly with the temperature—the higher the tem-
perature, the higher the frequency. Since re-
corder divisions are proportional to frequency,
any temperature trace printed to the right of an-
other represents a higher temperature. The hori-
zontal portion of the print is the tail (which is al-
ways horizontal and at the top) (fig 65). The por-
tion that is vertical, or inclined from the vertical,
is the trace. The trace terminates at its junction
with the tail. The trace is the usable part of the
print, as it reflects the temperature measurement.
Since the temperature normally decreases with
height, a series of temperature traces often ap-
pears on the recorder record as shown by 1 in
figure 65. Sometimes the temperature does not
change with an increase in height. Such a layer
of atmosphere is known as an isothermal layer.
The temperature traces of an isothermal layer
are shown by 2 in figure 65. An inversion layer is
a layer of the atmosphere in which the tempera-
ture increases with height. An inversion layer is
commonly found near the surface during the
night or early morning hours. The temperature
traces of an inversion layer are shown by 3 in
figure 65. The actual point at which the tempera-
ture lapse rate changes direction may occur while
a temperature trace is being printed or while the
humidity or reference signals are being received.
In the former case, the point at which the change
occurs is clearly portrayed by a distinct change in
direction of the temperature trace (top of 2 in fig
65). Since the entire length of the temperature
trace is valid, the point of change of direction is
easily located. If the actual point of change in di-
rection of the temperature lapse rate occurs dur-
ing the print of a reference or humidity signal,
the location becomes somewhat more difficult to
determine. In this case, the point of change of di-
rection is assumed to be at the point of intersec-
tion of two adjacent extended temperature traces
{bottom of 2 in fig 65). Isothermal or inversion
layers may occur completely within one tempera-
ture trace, within a portion of a trace, or within a
series of traces.
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125. Relative Humidity

a@. The humidity elements are so constructed
that their electrical resistance varies with the
relative humidity. The resistance of the carbon
element (ML—-476/AMT) varies directly with the
humidity. Figure 66 shows a record made by a
carbon humidity element. Higher relative humid-
ities produce low recorder divisions on the record.
Frequencies from 8 to 185 Hz representing hu-
midity are transmitted by the radiosonde. The
variation of humidity does not tend to follow any
set pattern, as usually true of temperature. How-
ever, in the higher portions of the atmosphere,
the moisture content is very low and may not be
sufficient to be evaluated.

b. The relative humidity print is similar to the
temperature print in that the horizontal portion
is the tail and the portion that is vertical, or in-
clined from the vertical, is the trace. Humidity
traces recorded from a radiosonde passing
through a cloud layer are shown by 2 in figure 66.

126. Pressure

Contact numbers can be determined for any level
on the recorder record and represent values of
pressure. Contact numbers are converted to pres-
sure by use of the radiosonde pressure calibration
chart. The procedure for determining contact
numbers is simplified by the use of easily identi-
fied reference traces. T'wo reference traces, high
and low, are used (3, fig 66). Low reference traces
are transmitted at 190 Hz, and printed at 95.0 re-
corder divisions; high references traces are trans-
mitted at 194 Hz and printed at 97.0 recorder di-
visions. Below the 105th contact, each contact that
is a multiple of 5 is a reference contact. Each r-f-
erence contact that is a multiple of 15 (except for
the 15th contact) is a high reference and the oth-
ers are low references. Above the 105th contact,
each contact that is a multiple of 5 is a high refer-
ence and a low reference signal replaces the rela-
tive humidity signal.

127. Rules for Selecting Significant Levels

The recorder record contains a series of tempera-
ture and humidity traces representing the values
of these meteorological conditions at all heights
from the surface to thz top of the sounding (hu-
midity traces stop at the 105th contact). The pur-
pose of record evaluation is to reproduce the tem-
perature sounding curve, corrected for humidity
on an altitude-pressure-density chart. One
method of evaluating the record would be to eval-
uate the top and bottom of each trace, thereby
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Figure 66. Typical humidity traces.

using all available data. This method would be
acceptable if the accuracy of subsequent calcula-
tions warranted its use and if sufficient time were
available to perform such a detailed evaluation.
However, these considerations have led to an-
other method of evaluation. This method allows
a tolerance up to certain predetermined amounts
and provides for evaluations to be made at points

_ of significant change on the record. This method

. of evaluation is outlined in eight rules for select-
ing significant levels. The application of these
eight rules insures that the requirements of the
artillery are satisfied. On the recorder record the
significant levels take the form of horizontal lines
located as specified by the rules. These lines, or

. levels, are the only points on the record that are
actually evaluated.

‘a. Rule 1. At th_e surface.

b. Rule 2. At the bottom and top of each sig-
niﬁcant isothermal layer.
c. Rule 3. At the bottom and top of each signi-

ficant inversion layer.

d. Rule 4. At each point where the tempera-
ture traces vary from the temperature line of
linearity by 1° C. or more or by 2° C. or more
from 100 millibars to termination.

e. Rule 5. At each point where a relative hu-
midity trace deviates from the humidity line of
linearity by 10 percent or more.

f. Rule 6. At the beginning, end, and within
any layer in which the temperature or humidity
data is missing.

g. Rule 7. At certain mandatory pressure

"levels.

h. Rule 8. At the bursting point of, the balloon
or at the highest required contact on the record.
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128. Application of Rules for Selecting
Significant Levels

The application of the rules for selecting signifi-
cant levels is discussed in a through % below. The
significant levels and their evaluation are marked
on the radiosonde recorder record (fig. 79). These
levels are numbered, beginning with 0, immedi-
ately above the significant level lines on the left
edge of the record. The numbers in parentheses
below the significant level lines indicate the order
in which the operator established the levels dur-
ing the evaluation of the record.

. Surface Level (Rule 1). At surface, or re-
lease level, a line is drawn across the record from
the point where the pen left zero recorder divi-
sions and is labeled “surface” and numbered 0,
as shown in figure 66. This level is not necessarily
drawn through the bottom of the first trace
printed on the record, since the first trace may
be scattered or missing (fig. 66). Poor manual
positioning of the radio direction finder just
subsequent to release may result in the loss of
the first signals transmitted. The offset release
usually precludes the need for manual position-
ing. After the surface level has been placed on
the record, the recorder division values corre-
sponding to surface temperature and humidity
(para 114f) are plotted and marked as in 1 and
2, figure 70.

b. Isothermal Layers (Rule 2). Levels are
drawn at the bases and tops of all significant
isothermal layers. The significance of isotherms
is determined as follows: If a point within an
isotherm deviates from the general trend of tem-
perature by 1° C. or more, the isotherm is con-
sidered significant. Levels 1 and 2 in figure 67
are placed at the base and top of a significant
isothermal layer. At 1 the isotherm clearly begins
within a temperature trace; therefore, the level
is placed at the exact beginning of the isotherm
within the trace. However, when the significant
. change in the temperature lapse rate occurs be-
tween two temperature traces, the exact point
of the change is determined by “trending”; i.e.,
extending the temperature traces bracketing the
point of change as shown by 2 in figure 67. The
significant level is drawn at the intersection of
trend lines.

¢. Inversion Layers (Rule 3). Levels are drawn
at the bases and tops of all significant inversions.
The significance of inversions is determined in
the same manner as the significance of isotherms
(b above). Levels 3 and 4 in figure 67 are placed
at the base and top of an inversion layer. The
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base of this inversion is recorded within a tem-
perature trace (3, fig. 67); thus, the point of
change of direction of the temperature trace is
clearly defined on the record. The change in di-
rection between the top of the inversion and the
normal lapse rate following it occurs between
two temperature traces (4, fig. 67). The exact
point of this change is determined by trending
these two temperature traces.

@

d. One Degree Celsius Deviation (Rule 4). A
temperature line of linearity is drawn between
two consecutive levels selected previously accord-
ing to any of the eight rules except that no lin-
earity line is drawn within missing data. The line
of linearity is drawn between the point where
the lower level intersects the temperature trace
(or extension thereof) and the point where the
upper level intersects the temperature trace (or
extension thereof). An example of a temperature
line of linearity is shown by 1 in figure 68. This
line of linearity represents the temperature
lapse rate between the levels at 2 and 3 in figure
68 that the temperature-density plotter would
plot on chart ML-574 if no further levels were
selected. The temperature traces must not deviate
from the line of linearity by 1° C. or more. The
deviation of the traces from the line of linearity
is measured on a horizontal line. In order to
determine whether or not the traces deviate by
1° C. or more from the line of linearity, the point
of greatest deviation (4, fig. 68) is investigated
first. A horizontal line or trial line is drawn at
the point of greatest deviation. The temperature
is evaluated from the two points where this line
intersects with the line of linearity and the tem-
perature trace (4 and 5, fig. 68). First the re-
corder divisions corresponding to each point are
read from the record. Then, the humidity-tem-
perature computer, set with the baseline data
(fig. 63), is used to convert the recorder division
values to degrees Celsius. If the greatest devia-
tion is less than 1° C., no level is drawn at this
point. If the deviation is 1° C. or more, a level
must be drawn at this point and the two lines
of linearity which are drawn to the level above
and below this level (1 and 2, fig. 69) must be
checked again for an accuracy of 1° C. In figure
69, level at 3 was selected because the tempera-
ture traces deviate more than 1° C. from the line
of linearity. An additional level for a 1° C. de-
viation must be placed at 4. The application of
this rule at 100 millibars and above allows for a
deviation from the line of linearity up to 2° C.
before the rule is applied.
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Figure 67. Isothermal and inversion traces.

Ye. Ten Percent Humidity Deviation (Rule 5).
A humidity line of linearity is drawn between
two consecutive levels selected previously accord-
ing to any of the eight rules except that no lin-
earity line is drawn within missing data. The re-
gion between these levels is analyzed to deter-
mine if the humidity curve deviates from the line
of linearity by 10 percent relative humidity or
more. For example, sample data for determining
humidity deviation are shown in figure 70 and
discussed as follows:

(1) In the example (fig. 70), the first level
selected above the surface is a mandatory level
(8, fig. 70). This line of linearity (7, fig. 70)
represents the humidity in this area which could
be plotted by the temperature-density plotter if
no further levels were selected.

(2) As with temperature deviations, the

point of greatest deviation (4, fig. 70) is investi-
gated first. A trial level is drawn at this point. If
the humidity corresponding to the intersection
of the trial level and the humidity line of linear-
ity (5, fig. 70) deviates from the humidity corre-
sponding to the intersection of the trial level
and the humidity trace (4, fig. 70) by 10 percent
relative humidity or more, the trial level must be
evaluated as a significant level.

Note. At high recorder division values the great-
est recorder division deviation from a line of linearity
may not be the greatest humidity deviation.

(8) The humidity values for the two points
(4 and 5, fig. 70) on the trial level are determined
with the humidity-temperature computer. The
first step is to determine the temperature meas-
ured at the trial level. This temperature is the
temperature corresponding to the intersection of
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Figure 68. Test for 1° C deviation from a line of linearity.

the trial level with a temperature trace or exten-
sion thereof (6, fig. 70). The recorder division
value for this point is converted to degrees Cel-
sius with the computer. This temperature is used
with the recorder division values for the two
points being checked (4 and 5, fig. 70) to deter-
mine the corresponding humidities. In this case
the deviation is greater than 10 percent and a
significant level is entered at 4 in figure 70. Next
this procedure is repeated between the surface
and level 4 by drawing a line of linearity (8, fig.
70) and checking the point of maximum devia-
tion (9, fig. 70) from the line of linearity.

(4) If the two relative humidities differ by
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less than 10 percent, no significant level is re-
quired at the trial level (9, fig. 70). In this case,
the record is checked for 10 percent deviation be-
tween level 4 and the mandatory level 3. Another
line of linearity (10, fig. 70) is drawn and the
above procedure is repeated for the region be-
tween 4 and 3. In figure 70, the deviation at 9 was
checked with a humidity temperature computer;
it was found that no significant level was re-
quired at 9.

(5) If the two relative humidities differ by
10 percent or more, the trial level is entered as a
significant level. The areas above and below this
new level must then be checked for more 10 per-
cent deviations.
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Figure 69. Determination of temperature deviation from line of linearity.

(6) This same procedure is followed be-
tween all consecutive levels (except that no line
is drawn within missing data) regardless of the
reasons for selecting the levels; i.e., the identical
procedure that was followed in analyzing figure
70 would have been used had the mandatory level
3 been entered because it occurred at the bottom
of an inversion, or had the surface level been the
top of a missing data region.

f. Missing Data Levels (Rule 6). Levels at the
beginning and end of missing data are selected
to define the limits of usable information. The
levels at 1 and 2 in figure 71 were selected by this
‘rule. The lower level is drawn through the top of
the last usable temperature trace printed before
.the area of missing data, and the upper level is
drawn at the base of the first usable temperature

trace (or portion thereof) printed after the miss-
ing data. In addition, a level must be selected
within the area of missing data; so the level at 3
in figure 71 was selected. To determine the con-
tact number above the missing data level, the
vertical distance between the last two usable ref-
erence traces below the missing data (4, fig. 71)
is measured. This distance is divided into the
total distance (6, fig. 71) between the last usable
reference trace before the missing data level and
the first reference trace above the missing data
level. The result is used to determine the refer-
ence contact number above the layer of missing
data. For example, in figure 71, the vertical dis-
tance between reference contacts 25 and 30
(below missing data) is measured as two inches.
This two inches is graphically divided into the
total distance (4 inches) by laying it off on the

117



C1, FM 6-15

r
—
1

A\

LAY
AT Tr v e R

NO. 912 tLerps a NORTHRUP CO., PHIL.

+o

uw,

4T i f”’ il
’ -
J 'qh 1 1 /
oH ol -j—uz 3 4 Joh 6 3 o :!
_b s T A T T--_L_T_._.L----_’o
|| ™t gy .
f —

Figure 70. Humidity deviation from linearity.

record two times, from the last reference trace
below the missing data (reference 30) to the
first reference trace (5, fig. 71) above the miss-
ing data. Therefore, the first reference trace
above the missing data is 40 (two reference con-
tracts above 30). When fast-rising balloons are
used, the determination of references may be
more difficult.

% 9. Mandatory Levels (Rule 7). Levels will be
placed at 1000, 850, 700, 500, 400, 300, 250, 200,
150, 100, 70, 50, 30 and 10 mb to provide, com-
‘mon levels for Air Weather Service exchange.

h. Terminal Level (Rule 8). When the maxi-
mum altitude requirement for radiosonde data is
obtained prior to balloon burst, a terminal level
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is drawn at the appropriate contact. Otherwise, a
terminal level is drawn at the level corresponding
to the bursting point of the balloon. The point of
the balloon burst on the recorder record is deter-
mined by the following characteristics: The
traces printed after the balloon burst are shorter
than those before the burst, since the radiosonde
descends faster than it ascends; the temperature
and humidity traces printed after the burst corre-
spond in reverse order to the temperature and
humidity traces printed before the burst; and
the reference traces are printed in reverse order
of their original printing. The point of burst is
fixed by determining the contact numbers of the
traces printed between the last reference trace
during the ascent and the same reference trace



after the burst. In figure 72, the burst occurred
at 1, during a temperature trace. This trace was
located by inspecting the temperature traces and
by-assigning contact numbers to the temperature
traces immediately above and below the burst.
The position of the burst point within the trace
is determined by comparing the lengths of the
traces before balloon burst with the length of
the traces after burst. In figure 72, the traces
printed after the burst are about one half as long
as the traces printed before the burst. In deter-
mining the contact number of the level of bal-

C1, FM 6-15

loon burst, the last full contact below this level
is used,as a measure. Thus, the operator lays off
the vertical distance of the last full contact on
the straight edge of a piece of paper by use of
tick marks, places it vertically on the chart with
the lower tick mark coinciding with the top of
the last full temperature trace. He then visually
interpolates the level of balloon burst to the
nearest tenth of a contact. In this case, the
correct contact is determined to be 90.8. When
the bursting point occurs during a ref-
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Figure 7?1. Missing data.

erence or a humidity trace, the evaluation of the
flight will be terminated at the top of the last us-
able temperature trace. When all or part of the
last temperature trace has a decidedly rounded
appearance and indicates a marked increase in
temperature that is not supported by the lapse
rate of the trace immediately preceding, the ter-
minating level will be placed at the point where
the marked increase begins. The radiosonde must
be tracked until a high reference trace has been
obtained after balloon burst.

129. General Procedure for Selecting
Significant Levels

The first significant level selected on a recorder
record is the surface. Above the surface, no spe-
cific procedure can be established for the selec-
tion of significant levels, since the rules for se-
lecting significant levels apply to the tempera-
ture, humidity, and pressure of the atmosphere
—meteorological conditions which are extremely
variable. However, a general procedure has been

established for selecting significant levels. This
general procedure encompasses all the rules for
selecting significant levels and is still flexible
enough to apply to any given set of atmospheric
conditions recorded on the radiosonde recorder
record.

a. Procedure in Making Selection. The general
procedure for selecting significant levels is as fol-
lows: :

(1) Scan the record from the surface level
upward for the presence of an isotherm, an inver-
sion, a layer of missing data, or a mandatory
level.

(2) Draw a level through the bottom and
top of an isotherm, an inversion, and a layer of
missing data and through a mandatory point,
whichever is encountered first (rules 2, 3, 6, and
7).

b. Linearity Requirements. Between adjacent
levels established in a above (including the sur-
face level), the temperature and humidity linear-
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Figure 72.

ity requirements are investigated and a level is
drawn where required (rules 4 and 5).

c. Evaluation. All of the levels selected in a
and b above are evaluated and recorded on DA
Form 6-43 (Radiosonde Data).

d. Continuation of Selection of Significant Lev-
els. After the procedures outlined in a through ¢
above have been applied, the selection of signifi-
cant levels is continued upward. When the next
level has been selected, the temperature and hu-
midity linearity requirements (b above) are
checked, and the selected levels are evaluated (¢
above). Successive applications of this procedure
are made until the recorder operator encounters
the terminal level. When the terminal level is
reached, the recorder operator draws a level
through this final point (rule 8) and checks the
linearity requirements through the last unevalu-
ated stratum of the record. All established levels
are evaluated and recorded on the radiosonde data
sheet.

e. Expediting the Selection of Significant Lev-
els. If no definite reason can be found for select-
ing a level within a sizeable area of the record
(according to the judgment of the recorder oper-
ator), the process of evaluation is speeded up by
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Terminal layer.

selecting a new level at a point representing sig-
nificant changes in the curves of temperature and
humidity. In general, points of significant change
are points through which levels would have been
selected to satisfy the linearity requirements, if
there were levels available for constructing the
lines of linearity. The selection of a level through
a point of significant change in temperature
traces is illustrated at 2 in figure 73. There is no
definite reason for selecting a significant level
from contact number 25 (1, fig 73) up to contact
number 36.5 (3, fig 78). If the recorder record is
advancing at a speed of one-half inch per minute,
this point is not available to the recorder opera-
tor for about 5 minutes after the point of signifi-
cant change. By immediately selecting a level at
the point of significant change (2, fig 73) instead
of waiting for a definite reason for selecting a
level, the recorder operator is able to evaluate the
temperature, humidity, and pressure data earlier.
Also, the other members of the temperature-den-
sity team, the plotter and computer, can begin
their duties sooner. This same procedure can be
applied to significant changes in relative humid-
ity. The selection of levels through points of sig-
nificant change requires a thorough knowledge of
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Figure 73. Significant change n temperature traces.

the rules for recorder record evaluation, It should
be kept in mind that when the selection of levels
has been completed and the evaluated data plot-
ted on chart ML-574/UM, the resulting curve
must closely reflect the temperature profile of the
recorded traces. This procedure should not be
adopted by anyone who has not had considerable
practice and experience in applying the rules.

_f. Hlustration. The radiosonde recorder record
(fig 79) is evaluated in accordance with the gen-
eral procedure in o through e above. The order in
which each significant level was selected is en-
tered in parentheses below the level line in the
left margin of the record. The selection rule is
also entered below the level line on the record.
These numbers and rules are not normally en-
tered on the record but are shown here for identi-
fication purposes only.

130. Evaluation of Significant Levels
The evaluation of significant levels selected on

the recorder record is performed in several steps.
First, the surface observations at the time of ref-
erence-temperature-humidity check are recorded
on the record, and the surface level is evaluated
for the release contact number. Then, the level
contact number, the temperature recorder divi-
sions, the humidity trace recorder divisions, and
the sequence number of the level are evaluated
from the record for each significant level aloft.
Next, certain pertinent corrections are applied to
these values. Finally, the corrected values are re-
corded on DA Form 6—43.

131. Recording Surface Observations at
Release

Surface observations are obtained during the ref-
erence-temperature-humidity check. This infor-
mation, plus certain other necessary facts, is en-
tered on the recorder record. After the surface
level has been drawn on the recorder record, cer-
tain items of information are entered on the re-
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Figure 74. Surface observations and release level
evaluation.

cord as shown in figure 74. These items are listed

below.
a. The words “surface release” and the Green-

wich mean time (GMT) of release, immediately
above the surface level.

b. The words “surface observations”, immedi-
ately below the surface level.

¢. The surface pressure in millibars and the
contact number corresponding to this pressure on
the radiosonde calibration chart.

d. The temperature of the outside air to the
nearest 0.1° C. determined by the temperature
element,

e. The relative humidity in percent determined

by the humidity element.
f. The actual release contact number determined
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from the traces on the record. This release con-
tact number ‘is also entered above the surface
level to the left of the first temperature trace (1,
fig 74).

¢. The contact error which is obtained by alge-
braically subtracting the contact number corre-
sponding to the surface pressure (¢ above) from
the actual release contact number (f above). The
pressure contact number (c above) is considered
the correct value.

h. The contact correction which has the sign
opposite to that of the contact error in g above.

132. Evaluation of Release Level

a. The first step in evaluating the surface con-
tact number is to identify and label the first ref-



erence trace printed after release of the radio-
sonde (8, fig. 74). The normal method of deter-
mining the contact number of the first reference
trace is based on the fact that the recorder opera-
tor must know the contact setting of the pin arm
corresponding to the surface pressure (para 106).
He therefore can determine the contact number
of the first reference trace printed. A contact
begins at the top of a temperature trace and in-
cludes the following humidity or reference trace
and the following temperature trace. Thus, the
top of each temperature trace corresponds to a
"whole numbered contact. With the contact num-
ber of the first reference trace printed after re-
lease as a starting point, the operator counts
whole contacts down the temperature traces to
the top of the first temperature trace printed
after release. He then compares the distance
from the release level to the top of the first tem-
perature trace with the distance occupied by the
first whole contact to determine the fractional
part of the contact printed before the top of the
first temperature trace. This fractional part is
subtracted from the first whole numbered contact

to determine the release contact number to the

nearest tenth. This contact number is recorded
just above the surface level and to the left of the
temperature traces (1, fig. 74). In figure 74, re-
lease occurred within contact number 5; i.e., the
first reference. In order to determine the release
contact number within the fifth contact, the con-
tact beginning at 6.0 (5, fig. 74) and ending at
7.0 (6, fig. 74) is inspected. The distance from
contact 6.0 to contact 7.0 is measured by laying
a strip of paper along the traces and marking off
the contact distance. The portion of the fifth
contact printed after release is determined by
comparing the distance from surface level to five
with contact length marked on the strip of paper.
In figure 74 the portion of the fifth contact
printed after release is 0.7 contact. This portion
is subtracted from the first whole-numbered con-
tact (6.0) to determine the contact number at
release (6.0 — 0.7 = 5.3).

b. Surface observations are based on the
values obtained by the sensing elements of the
radiosonde just prior to release during the re-
ference-temperature-humidity check (2, fig. 74).
In order to keep the stratum between the re-
lease level and the first significant level aloft
within the required 1° C. and 10 percent humid-
ity linearity, these surface values must be plotted
and used in determining linearity. Each value is
then plotted on the release level with a “/"\ »
and the temperature and humidity are marked

C1, FM 6-15

with a “T” and “H”, respectively (7 and 8, fig.
74).

133. Significant Levels Aloft

a. Contact Number. Contact numbers for levels
aloft are determined in a manner similar to that
of determining the contact number of the surface
level (para 132). The determination of the con-
tact number of a level aloft normally is begun at
one of the reference traces which bracket the
level, and the count from the reference trace to
the level may go either up or down. Since the rel-
ative lengths of the traces will vary, it is im-
portant that contact numbers for significant
levels be determined with reference to the whole
contact in which the level is drawn, rather than
by assigning fractional contact values to the
various traces. That is, a temperature trace, for
example, will not necessarily be 0.7 of a contact.
Each significant level is assigned a contact num-
ber based on the location of the level within the
whole contact. In order to facilitate the evalua-
tion of level contact numbers, all reference
traces should be numbered (fig. 74).

b. Temperature Recorder  Divisions. The un-
corrected value of temperature recorder divi-
sions for each level is read at the point of inter-
section of the level with the left edge of the
temperature trace. When the significant level
line does not intersect a temperature trace, the
value of the recorder divisions is established at
the point of intersection of the significant level
line and a line drawn from the top left edge of
the lower trace and the bottom left edge of the
upper trace. The value of temperature ordinate
is read and recorded to the nearest 0.1 recorder
division.

¢. Humidity Recorder Divisions. The uncor-
rected value of humidity recorder divisions for
each level is read at the point of intersection of
the significant level line and the humidity trace.
When the significant level line does not intersect
a humidity trace, the uncorrected value of humid-
ity is established at the intersection of the signi-
ficant level line and a humidity trend line accord-
ing to the following: ,

(1) When the humidity traces immediately
above and below the level follow the same gen-
eral trend, a straight line is drawn connecting
the traces immediately above and below the level
(fig. 75).

(2) When a humidity trace reverses direc-
tion or is displaced at the level, the temperature
traces are examined. If the temperature traces
above the level trend more to the right than those
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Figure 75. Humidity traces alined.

below the level, a straight vertical line is drawn
to extend, to the level line, that part of the adja-
cent humidity trace which has the higher value
of relative humidity (1, fig. 76). If the tempera-
ture traces above the level trend more to the left
than those below the level, a straight vertical line
is drawn to extend that part of the adjacent
humidity trace which has the lower value of
relative humidity (2, fig. 76).

% (8) The lower limit of measurable relative
humidity is approximately 10 percent through-
out the temperature range of the carbon element.
Whenever, at levels above the surface, the indi-
cated relative humidity appears to be less than
10 percent (whenever any combination of tem-
perature and recorder division values yields less
than 10 percent when using the humidity-tem-
perature computer CP-223C/UM), the value will
be regarded as 10 percent and used for all pur-
poses as an accurate value. This means that there
will be no breaks in the vertical relative humidity
profile owing to ambient conditions being less
than the minimum operating range of the ele-
ment.

(4) Whenever the indicated relative humid-
ity value exceeds 100 percent, the humidity will
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be regarded as 100 percent and used for all pur-
poses as an accurate value.
" d. Level Number. The levels are numbered in
sequence, starting with the surface level as zero
and ending with the terminal level. The level is
numbered after all the rules for selecting levels
have been applied to the area below it. Levels se-
lected within areas of missing data are assigned
a level number and evaluated as missing data.
Ye. Wet-Bulb Effect on Temperature. When the
radiosonde passes through a cloud, moisture may
condense on the temperature element. After the
radiosonde emerges from the cloud into dry air,
the moisture evaporates and cools the tempera-
ture element. This cooling may cause the temper-
ature trace to slope sharply to the left on the re-
corder record for a shallow stratum until all the
moisture has evaporated from the element. This
effect is known as the wet-bulb effect, and the
temperature traces so effected are treated as mis-
sing data from the cloud top to the level at which
the temperature trace resumes normal lapse, in-
version or isothermal (1, fig. 77).

f. Multiple Ascents. When multiple ascents oc-
cur due to icing, heavy rain, or turbulence, the
highest altitude (lowest pressure) on the initial
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Figure 78. Evaluating significant levels and applying
contact and calibration corrections.

corder divisions, and the number for each level
evaluated are entered directly on the recorder
record. Corrections to these values, where appli-
cable, are also entered on the record. Contact
numbers are entered above each level and to the
left of the temperature trace. If a contact number
correction is required, the correction is algebrai-
cally added to the contact number on the record
as shown at 1 in figure 78. If no contact number
correction is required, the value read from the
record is the only value recorded (fig. 79). Un-
corrected temperature recorder divisions are en-
tered above each level line and just to the right
of the temperature trace (where space permits)
(2, fig. 78). After the uncorrected recorder divi-
sion, value, a recorder -calibration correction
(8, fig. 78) is entered, followed by either a fre-
quency drift correction or a combined frequency
shift plus drift correction (4, fig. 78). These
values are added algebraically and the sum, the
corrected recorder division value (5, fig. 78) is
entered after the drift correction. The methods
of determining the corrections for the recorder

126

calibration, the frequency drift, and the fre-
quency shift plus drift are explained in para-
graph 134b through g¢. Uncorrected humidity
recorder divisions are entered beneath each level
and to the right of the temperature trace (6,
fig. 78). Humidity recorder division values are
corrected only under certain circumstances, as
described in paragraph 1344. If a calibration
correction and a drift correction or a shift plus
drift correction are required, they are recorded
in the same manner and sequence as the cor-
rections for temperature recorder division values.
All humidity evaluations are inclosed in paren-
theses to aid in their identification. The level
number is entered above each level in the left-
hand margin of the chart (7, fig. 78).

Figure 79. Radiosonde recorder record,
(Located in back of manual)

Figure 79—Continued.
(Located in back of manual)



134. Corrections to Significant Level
Evaluations

Several types of corrections are applied to the
data evaluated from the significant levels. Level
contact numbers are subject to a correction for
erroneous pin arm setting. Recorder division
values of temperature must be corrected for er-
rors introduced by recorder misalinement and by
drift or shift of the radiosonde pulse frequency.
These values are also subject to corrections for
inadvertent high reference adjustment and paper
drift, which results from faulty operation of the
radiosonde recorder. Humidity recorder division
values must also be corrected for these errors
when the total correction exceeds a certain limit
(i below).

a. Contact Correction. The contact correction
is determined by comparing the release contact
number obtained from the radiosonde pressure
calibration chart with the surface pressure read-
ing taken at release. If the contact correction is 0
or *0.1 contact, it is disregarded. If the contact
correction is greater than = 0.1 contact, the con-
tact numbers evaluated on the recorder record
are corrected by the amount of the contact

FM 6-15

correction. The correction is applied to each sig-
nificant level (1, fig 78). In addition, the pres-
sures corresponding to the corrected contact num-
bers must be read correctly from the radiosonde
pressure calibration chart. (When discrepancies
occur, the pressure-time plot data must be ad-
justed accordingly.) Contact discrepancies of 0.5
contact or more cannot be adequately corrected.
When this situation exists, the flight should be
disregarded and a new release initiated immedi-
ately.

b. Calibration Correction. The linearity cali-
bration correction is applied by the recorder op-
erator during the flight. The linearity calibration
correction chart is constructed by the recorder
operator during the linearity calibration test, as
described in TM 11-6660-204-10. A linearity cal-
ibration chart is shown at 1 in figure 80. The cali-
bration chart is used to construct a calibration
correction chart which is shown at 2 in figure 80.
This correction chart is posted at the radiosonde
recorder as a convenient reference for the radio-
sonde recorder operator during the evaluation of
the record. At the completion of the evaluation of
the record, the linearity calibration chart (fig 80)
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Figure 80. Recorder linearity calibration chart.
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is inscribed at the bottom of each recorder re-
cord, during the period of its validity, for histori-
cal purposes. The calibration corrections are ap-
plied to all temperature recorder division values.
Humidity recorder division values are corrected
as specified in 7 below. To determine the correc-
tion for a particular recorder division value, the
recorder operator enters the calibration correc-
tion chart and reads the correction to the nearest
0.1 recorder division. For example, for an uncor-
rected recorder division value of 37.0 (fig 80), the
correction is +0.1 recorder division. This correc-
tion is applied to the recorder division value as
described in paragraph 133¢g and as shown at 3 in
figure 78.

¢. Drift Correction. As a result of changes in
battery voltages and resistances of the electrical
components of the radiosonde, pulse frequency
tends to drift. To compensate for this drift, the
radiosonde recorder operator adjusts each low
reference trace to 95 recorder divisions as it is
printed on the recorder record. The corrections
for the humidity and temperature recorder divi-
sion values are determined according to the
amount of the drift at the corrected low refer-
ence. The determination of the drift correction at
any level is based on the assumption that the
drift is linear between low reference traces ex-
cept at the surface (e below). Figure 81 illus-
trates the procedure for determining drift correc-
tions. The amount of drift from 95 recorder divi-
sions is first determined at the top and bottom of
each low reference trace (1, fig 81). A drift
correction line (2, fig 81) is drawn from the bot-
tom of the drifted low reference trace to the top
of the previous low reference trace. The amount
of drift between the two low reference traces is
determined at the intersection of the significant
level and the drift line. The difference between
the recorder division value of the point of in-
tersection and 95.0 recorder divisions represents
the drift at 95.0. The drift correction (to the
nearest 0.1 recorder division) is entered immedi-
ately above the level and left of the drift line (8,
fig 81). Any recorder division value which is to
be corrected at the level must be corrected by a
proportionate part of the drift at 95.0 recorder
divisions, since frequency drift is proportional to
the frequency of the signal. This correction
equals the recorder division value of temperature
or humidity multiplied by the drift at 95.0 re-
corder divisions and divided by 95, the value of
low reference. Determination of this correction is
facilitated by use of the drift chart in figure 82.
The radiosonde recorder operator may construct
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a drift chart on a section of the recorder record.
A horizontal line is selected as the base of the
chart. Straight lines are drawn from the 0 re-
corder division point on the base to the points
where the horizontal lines intersect the vertical
line representing 95.0 recorder divisions. To the
right of these points, the horizontal lines above
the base are numbered in tenths from 0.1 to 1.0.
To determine the drift correction, the chart is en-
tered with the uncorrected recorder division
value. This value is projected vertically to the di-
agonal line representing the amount of drift at
95.0 recorder divisions. From this point a line is
projected horizontally to the correction scale on
the right edge of the drift chart, and the drift
correction is read to the nearest 0.1. As an exam-
ple, for an uncorrected recorder division value of
60.8, the drift at 95.0 recorder divisions is deter-
mined to be +0.4. The drift chart (fig 82) is en-
tered at the recorder division value of 60.8. This
value is projected vertically to interesect the di-
agonal line labeled 0.4. From this point a line is
projected horizontally to the correction scale,
which indicates a correction of +0.3. The correc-
tion (+0.8) is the drift correction. The drift
correction is applied to the recorder division
value as described in paragraph 133y.

d. Frequency Shift Corrections. An instanta-
neous change of electrical response in the compo-
nents of the radiosonde may create -a frequency
shift. A shift is apparent when there is an abrupt
change in the recorder division value of a temper-
ature, relative humidity, or reference trace.

Note. Changes in the positions of temperature and
humidity traces resulting from the adjustment of a low
reference trace to compensate for drift are not shifts.
Usually a shift will affect the frequency of all the
recorded signals. When a shift occurs (1, fig 83),
the radiosonde recorder operator should not make
a correction with the reference adjust handwheel
until a low reference trace is being printed. The
low reference trace is adjusted to 95.0 recorder
divisions (2, fig 83). This adjustment may com-
pensate for drift (¢ above) in addition to the
shift. A horizontal line is drawn to the right edge
of the record. If the shift occurs during a temper-
ature or humidity trace, the amount of shift at
95.0 recorder divisions must be computed based
on the amount of shift occurring within the
trace. The amount of shift is multiplied by 95 and
the answer is divided by the recorder division
value at which the shift occurred. The computa-
tions necessary to determine the amount of shift
at 95.0 recorder divisions are shown at 3 in figure
83. When the adjustment of the low reference
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Figure 81. Frequency drift correction.

trace is greater or less than the shift computed
for 95.0 recorder divisions, drift also has oc-
curred. This condition exists at 4 in figure 82; in
this case a drift correction line is constructed be-
tween the adjusted low reference trace and the
preceding low reference trace. The computed
shift at 95.0 recorder divisions is marked off at
the beginning of the adjusted reference trace ih
the opposite direction of the “shift (4, fig. 83).
The drift line is drawn between this point and the
top of the preceding low reference trace. The line
at 5 in figure 83 that is broken above the shift
and solid below the shift represents the drift
that occurred between the two low reference
traces. Only the drift correction (determined
from the solid portion of the drift line) is ap-
plied to significant levels below the shift. Levels
between the shift and the corrected low reference
must be corrected for both drift and shift. A

shift plus drift correction line is constructed in
this area. The computed shift at 95.0 recorder
divisions is marked off in the direction of the
shift, beginning at the intersection of the level
of the shift and the drift line (6, fig. 83). The
shift plus drift line is a solid line drawn from
this point to the point where the corrected re-
ference trace began. The intersection of this line
with any significant level represents the shift
plus drift correction at 95.0 recorder divisions
for the level. The drift chart (fig. 82) is used to
determine the proportional part of the shift plus
drift correction which is applicable to any parti-
cular value of recorder divisions. The traces
evaluated at level 3 in figure 83 are affected
only by the drift measured at the intersection
of the level and the drift line. The traces eval-
uated at level 4 are affected by both the shift
and the drift measured at the intersection of the
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Figure 82. Use of the frequency drift chort.

level with the shift plus drift corrections to re-
corder division values as described in paragraph
133g.

%e. Drift of First Low Reference Trace. If a
drift occurs in the first low reference trace after
release it is corrected in the same manner as
explained in ¢ above. In the case of the first low
reference trace after release, the drift line is
drawn from the bottom of this trace to the top of
the reference trace obtained during the refer-
ence-temperature-humidity check (para 114f).

f. Singular Shifts. When a shift occurs only in
the temperature trace and is 1° C. or less as com-
puted on the temperature-humidity computer, no
correction is applied. If the temperature shift is
more than 1° C. but not more than 3° C., a pro-
protionate part of this shift must be applied to
the recorder division values of temperatures at
significant levels which follow. Temperatures
which fall in this category will be classified as
doubtful. If the shift occurs in temperature only
and is more than 8° C., the temperatures are not
evaluated beyond the shift and are classified as
missing. When a shift occurs in relative humidity
only and is 10 percent or less, no correction is
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applied. However, if the relative humidity shift is
greater than 10 percent, succeeding relative hu-
midity values are classified as missing. Doubtful
data may be used in the computation of a met
message but are transmitted to the Air Weather
Service (USAF) as missing. The accuracy of
doubtful temperatures may be determined by
comparing the current sounding with a recent
scheduled flight no more than 6 hours old. The
temperatures for several significant levels should
reflect a high degree of consistency.

g. Correction for High Reference Trace Ad-
justment. Occasionally, the recorder operator
may mistake a high reference trace for a low ref-
erence trace and adjust it to a value of 95.0 re-
corder divisions (1, fig. 84). This action causes a
shift in the traces after adjustment. Any levels
selected in this area (level 5, fig. 84) must be
corrected for shift, as well as any drift that may
have  occurred. Levels selected in the area be-
tween the adjusted high reference and the pre-
ceding low reference (level 4, fig. 84) are not
affected by the shift, but may be affected by the
drift. The amount of drift must be determined.
The first step in drawing the correction lines for
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Figure 83. Determining shift or shift plus drift
corrections.

areas is to measure the amount of shift resulting
from the adjustment of the high reference trace
to 95.0 recorder divisions. As measured at 1 in
figure 84, the shift is 1.8 recorder divisions. The
amount of this shift is marked off in the opposite
direction of the shift at the beginning of the fol-
lowing low reference (2, fig 84). If the mark is
not at 95.0 recorder divisions, drift (3, fiz 84) has
occurred in addition to the shift between the two
low reference traces. A drift correction line is
drawn from the mark to the top of the preceding
low reference trace. This line is drawn as a bro-
ken line in the area above the shift and as a solid
line in the area below the shift (4, fig 84). In the
area where the drift line is broken the correction
for the shift which affects the traces in this area
must be added to the drift line to obtain the final
shift plus drift correction line. To draw the shift
plus drift correction line, the amount of the shift,
1.8 ordinates, from 95.0 recorder divisions at 1 in
figure 84, is marked off in the direction of the ad-

justment, beginning at the intersection of the
level of the shift and the drift line (5, fig 84).
The shift plus drift correction line (6, fiz 84) is
drawn between this mark and the beginning of
the corrected low reference trace. Temperature
recorder division values for levels which intersect
either of the solid correction lines are corrected
with the drift chart (fig 82) as described in ¢
above. Humidity recorder division values are cor-
rected in the same manner as temperature values,
but corrections to humidity values are applied
only under the conditions specified in ¢ below.

h. Chart Drift Correction. If the chart feed
system of the radiosonde recorder is not properly
alined, the recorder chart may drift (fig 85).
Drift is evident when the chart rides off the cogs
of the chart roller. To avoid inaccuracies caused
by chart drift and the difficulties of correction,
the recorder operator should carefully aline the
chart during the starting procedure. Procedures
for alining the chart with the chart feed mecha-
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Figure 84. Determining correctiong for high
reference adjustment.

nism are outlined in TM 11-6660-204-10. If it
appears that the chart is drifting while a flight is
being recorded, the SIGNAL SELECTOR switch
is rotated to the SC position for about 10 seconds
to obtain a zero print (1, fig 85). This check is
made at a point in the record where no significant
data will be lost; e.g., during a high reference
trace or a long temperature trace. During the re-
mainder of the flight (or as long as the record
continues to drift), a zero print may be obtained
each time a high reference trace is transmitted
by the radiosonde (2 and 3, fig 85). Successive
zero prints are connected with a thin straight
line (4, fig 85). The difference between the posi-
tion of this chart drift line and the 0 recorder di-
vision line is the amount of the chart drift. After
the chart drift lines are drawn, the chart drift
correction at the 0 recorder division line is deter-
mined for any level selected during the periods of
chart drift, and the amount of the correction is
entered at the intersection of the level and the
chart drift line (5, 6, and 7, fig 85). The correc-
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tions for chart drift to be applied to ordinate
values are computed as follows: Subtract from 95
(low reference ordinate value) the uncorrected
temperature ordinate value, multiply the remain-
der by the chart drift correction at the given sig-
nificant level, and divide the product by 95. The
quotient is the required correction for that tem-
perature ordinate. For example, if the tempera-
ture ordinate at a given level is 39.8 (8, fig 85)
and the chart drift is +0.8 ordinates (6, fig 85),
the correction is computed as follows:

95 — 39.8 = 55.2
Therefore, 55.2 X 0.8 +0.465
95 + 0.5 (rounded off to the

nearest tenth), which is the required chart drift
correction for the ordinate 39.8. This correction

of +0.5 is entered at 9 in figure 85. The chart
drift correction is read to the nearest 0.1 recorder
division (0.5). A chart drift correction is applied
to the temperature recorder division values when
the chart drift is evaluated as 0.8 recorder divi-
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Figure 85. Determining chart drift corrections.

sions or more. The humidity recorder division
value is corrected in the same manner as the
temperature value, but the correction to a humid-
ity value is applied only under the conditions spe-
cified in ¢ below.

i. Correcting Humidity Recorder Division
Values. Humidity recorder division values for
any level, except levels selected in an area of
chart drift, are corrected only when the total
shift plus drift correction at 95.0 recorder divi-
sions exceeds 1.0 recorder division for that level.
The humidity recorder division value for a level
selected in an area where chart drift has occurred
is corrected when the algebraic sum of chart
drift at the 0 recorder division and the. shift plus
drift correction at 95.0 recorder divisions exceeds
1.0 recorder division. The shift plus drift correc-
tion at 95.0 recorder divisions includes the effects
(if any) of drift (¢ above), shift (d above),
and high reference adjustments (¢ above). This
correction is computed by determining the differ-

ence between the approximately constructed
correction line (drift or shift line or a combina-
tion thereof) and 95.0 ordinates at the levels in
question. The appropriate sign for the correction
must also be determined as described for temper-
ature in ¢, d, and ¢, above. When the shift plus
drift correction at 95.0 recorder divisions plus
chart drift at 0 is 1.0 or less, the uncorrected hu-
midity recorder division value is entered in par-
entheses beneath the level (fig 83, level 4). If the
shift plus drift correction at 95.0 recorder divi-
_sions plus chart drift at 0 exceeds 1.0 a recorder
calibration correction (b above) and a shift plus
drift correction (c, d, and g above) are applied to
the uncorrected humidity recorder division value
followed by application (if required) of a chart
drift correction (& above) (fig 85, level 6).

135. Special Considerations

a. Leaking Aneroid Pressure Cell. Evidence
that the aneroid pressure cell in the radiosonde is
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leaking may be noted at pressures less than 100

mb. The traces will be unusually short and it will

appear that an abnormally rapid ascension rate
has developed. This condition will persist until
the balloon bursts or until the pin arm leaves the
commutator bar and a continuous temperature
trace begins. In such cases, it is difficult to
determine exactly where the pressure cell began
to leak. Therefore, all data may be in error, and a
second flight should be made. At pressures
greater than 100 mb, short traces may result
from an actual increase in the rate of ascension
due to updrafts. In this instance, the traces will
return to normal length when the balloon moves
out of the area of ascending air currents. When
balloon ML-541 is being used, unusually short
traces may occur when the balloon attains high
rates of rise due to the design characteristics. In
this instance, traces will return to normal at high
altitudes.

b. Termination Due to Doubtful or Missing
Data.

(1) When a stratum of missing temperature
data is followed by a satisfactory record, the com-
putations are continued, if the missing data do
not exceed—

(a) From the surface to 700 mb, 100 mb
of missing data.

(b) From the surface to 400 mb, 250 mb
of cumulative missing data, with (a) above satis-
fied.

(¢) From the surface to 100 mb, 4 kilome-
ters of cumulative missing data, with (a) and (b)
above satisfied.

(d) From the surface to the termination
of the flight, 5 kilometers of cumulative missing
data, with (a), (b), and (¢) above satisfied.

(2) When the tropopause occurs within a
stratum of missing temperature data that is more
than 1,500 meters thick, the flight will be termi-
nated.

(3) When the missing data in one stratum
exceed the limits in (1) above, computations are
terminated at the base of the stratum. When the
sum of the missing data through several layers
exceeds the limits in (1) above, the computations
are terminated at the base of the stratum in
which the limit is exceeded (last usable trace). If
the termination level does not meet the desired
altitude, another release will be made with the
least possible delay.

(4) When any portion of the temperature
record cannot be clearly evaluated, the computa-
tions are continued in the normal manner except
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that more than 100 mb of doubtful temperature
data below 700 mb necessitates another release.
(5) As long as a stratum or strata of miss-
ing data does not exceed the above limits, the
valid data are plotted on chart ML-574 and ex-
trapolation is used in areas of missing data.

¢. Icing. Icing causes a decrease in the ascen-
sion rate of the radiosonde balloon and is indi-
cated by longer traces on the recorder record (1,
fig 86). Since the ascension rate can be decreased
by turbulence, as well as by icing, the tempera-
ture and relative humidity traces must be exam-
ined critically before assuming that icing oc-
curred. When icing occurs, the length of the
traces will increase as more and more ice accumu-
lates on the balloon. Usually, these longer traces
will not be apparent in less than four contacts.
Before assuming that icing has occurred, the
temperature should be below freezing and the rel-
ative humidity near 100 percent.

d. Floater. A floater is a radiosonde flight in
which the balloon reaches an altitude and seems
to maintain a fairly constant altitude. This float-
ing may be caused by icing, turbulence, or a leaky
balloon. A second release may be necessary.
When it becomes apparent from the length of
time the balloon stays in a floating state that it
will not assume a normal rate of rise, as de-
seribed in ¢ above, preparations for a second re-
lease should be started.

e. Evaluation of Special and Significant Levels
With the Hypsometer Radiosonde.

(1) When to use the hypsometer pressure
calibration chart. The hypsometric pressure read-
ings should be checked against the pressure cap-
sule calibration chart readings between 50 and 20
mb, When the criteria set forth in paragraph
138:(4) (a) are obtained, the hypsometer read-
ings and a hypsometer pressure calibration chart
such as shown on 2, figure 60 are used to evaluate
pressure.

(2) Significant level evaluation. When the
hypsometer calibration chart is used to evaluate
the pressures at significant levels, the recorder
division value of the hypsometer line of linearity
is evaluated at the point where the hypsometer
trace (or extension thereof) intersects the signif-
icant level. The recorder division value is entered
on the record to the left of the hypsometer trace
(or extension thereof) and above the significant
level (para 138).
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Figure 86. Icing.

136. Flight Duties of the Temperature-
Density Plotter

The general duties of the temperature-density
plotter during the radiosonde flight are to—

a. Complete the surface observations and enter
the results on DA Form 6-43 (Radiosonde Data).

b. Plot the virtual temperature sounding curve
on chart ML-574/UM using the data recorded on
DA Form 6-43.

¢. Determine the mean zone densities and tem-
peratures.

137. Flight Duties of the Temperature-
Density Computer
The general duties of the temperature-density
computer during the radiosonde flight are to—
a. Determine the surface density and tempera-
ture in percent of standard.

b. Obtain the zone temperatures and densities
from chart ML-574/UM and compute the ballistic
temperatures and densities.

¢. Assist and check the work of the tempera-
ture-density plotter.

138. Completion of DA Form 6—43, Ra-
diosonde Data

The final step in evaluating a radiosonde recorder
record is to complete DA Form 6-43 (fig 87). On
this form are recorded the baseline check data, the
release data, and the values of pressure, tempera-
ture, and relative humidity aloft. The station, lo-
cation, date, release time, flight number, baros-
witch serial number, name of computer, and name
of checker are entered on the form. Data for
figure 87 are obtained from figure 79.
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RADIO(SgngE) DATA
RE- e DATE Hour | FLIGHT NoO.
3D INF DIVARTY | FrSiLL, OKLA TME [ //; ;fea //7%41 ///7; 3
LevEL PRESSURE RECORDTEERMPERATURE RESOE::;';VE HUMIDITY
NUMBER CONTACT MILLIBARS DIVISION °c DIVISION »
(1) (2) (3) (4) (5) (6)
SASE- (INITIAL SETTING) | (INITIAL SETTING) DRY 23' 8
CEE{K 5y 967 66.3 "7 4.0 807 32
T S5 767 #o
"o 967 b9./ 29.4 78.5 | 4o
1 9.5 g7/ b4.7 2/.0 — /0
2 13.0 862 Lo8 I 4.5 — 10
3 14.0 850 62.3 /7.0 — (O
4 /6.0 822 65.8 23.0 — /o
3 22.D 745 56.8 83 — /0
6 25.8 700 56.8 83 — 10
U 280 b75 568 8.3 — 10
8 32.0 L30 53.6 3.7 305 33
9 34.0 Lo 5/.9 1.3 — 10
10 Y5, 0 500 43,0 —-10.7 — /o
1l 56.5 Loo 33.L -22.7 — 10
12 L0.0 373 30.2 —26.2 — 10
13 XX X %X X XXX X X X XXX X X
14 70.5 300 22.4 —3728 — /o
15 72.0 2898 2.0 -39.8 — /0
16 78.0 250 /9.5 -42.2 — ]O
7 87.2 200 16,7 | - 46.7 - /0
18 97.5 ] 50 //.0 -572.8 —_ 10
19 100.0 140 25 - 6/.2 - /O
2 /050 /120 8.7 —-43.2 - 10
21 107.0 /13 /0.5 -589 — —
2 | 14109 100 9.0 - 623 - —
23 1 20.0 73 2.8 -4603 — -
i 128.¢ S0 | 91 | -—é22 - -
%5 1330 38 r->3 -589 — —
2% /138.2 30 95 -4/2 — —
DA ‘1:3\%0462 6_43 RREVIOUS EDITION OF THIS FORM IS OBSOLETE.
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Figure 87. DA Form 6-438 (Radiosonde Data).




RADIOSONDE DATA (Continued)

PRESSURE

TEMPERATURE

RELATIVE HUMIDITY

LEVEL
NUMBER CONTACT

(1)

MIL

LIBARS
(2)

RECORDER
DIVISION
(3

°c

(4

RECORDER
DIVISION
(5) (6)

*

a /370

28

7.0

—é2.3

28 ] 4Y0.2

2/

13.0

—~53.5

s | 42.0

/6

/2.3

~55.0

— —

30 | 4 5.0

10

169

~4 4.3

3l

32

3

£l

35

36

3

38

39

40

i

42

3

T

45

46

]

28

49

50

51

52

53

54

35

36

57

58

59

(7) MODULATOR SERIAL NO,

6796 500

BASELINE CHECK TIME

LST

GMT

//RS5

ITR5

RECORDER OPERATOR

DUNN

CHECKER

SCHE/RER

U.S. GOVERNMENT PRINTING OFFICE : 1962 0— 638174

Figure 87—Continued.
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a. Baseline Check Data. The following data
from the baseline check observations are entered
on DA Form 6-43 (fig 87) in the spaces opposite
the words BASELINE CHECK DATA:

(1) Column 1. The contact setting (5.4) for
the barometric pressure of the station, as deter-
mined from the radiosonde pressure calibration
chart.

(2) Column 2. The barometric pressure in
millibars (967) used to determine the correct pin
arm setting.

(3) Column 3. The recorder division value
of temperature (66.3) as evaluated from the buse-
line check.

(4) Column 4. The dry-bulb temperature in
degrees Celsius (23.8), as observed inside the
baseline check set; the wet-bulb temperature in
degrees Celsius (14.0), as observed inside the
baseline check set; and the wet-bulb depression
in degrees Celsius (9.8).

(5) Column 5. The recorder division value
of humidity traces (80.7) as evaluated from the
baseline check.

(6) Column 6. The percent of relative hu-
midity (82) inside the baseline check set cham-
ber, as determined by entering chart VIII, FM
6-16, with the dry-bulb temperature and the
wet-bulb depression to the nearest 0.1° -C. (in
column 4) as arguments.

" b. Release Data. The following data from the
surface observations are entered on DA Form
6-43 (fig 87) in the spaces opposite the words
RELEASE DATA:

(1) Column 1. The contact number (5.4)
corresponding to the surface barometric pressure
at release.

(2) Column 2. The barometric pressure in
millibars (967) at the time of release.

(8) Column 4. The air temperature in de-
grees Celsius (29.4) at the time of the Refer-
ence-Temperature-Humidity check.

(4) Column 6. The percent of relative hu-
midity (40) in the atmosphere as determined dur-
ing the Reference-Temperature-Humidity check.

c. Surface Level. The pressure, air tempera-
ture, and relative humidity values entered oppo-
site the word SUR (surface) are the same as
those entered opposite RELEASE DATA. The re-
corder division values corresponding to the sur-
face temperature and humidity are recorded in
the appropriate blocks.

d. Pressures Aloft. In column 1 (fig 87), the
corrected contact number for each significant
level on the recorder record is entered opposite
the level number. In column 2, the pressure in
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millibars is entered. The pressure for each level is
obtained from the appropria’e pressure calibra-
tion chart, which is entered with the correct con-
tact number (column 1).

e. Temperatures Aloft. In Column 3, the cor-
rected recorder division value of temperature for
each level on the recorder record is entered oppo-
site the corresponding level number. The humid-
ity-temperature computer is used to convert the
recorder division values to temperatures to the
nearest 0.1° C. These temperatures are entered in
column 4.

f. Relative Humidities Aloft. In column 5, the
recorder division value of humidity (corrected if
necessary) for each level on the recorder record
is entered opposite the level number. The humid-
ity-temperature computer is used to convert the
recorder division values to percent of relative hu-
midity. The temperature in column 4 for each
level is used to determine the value of relative hu-
midity which is entered in column 6, opposite the
corresponding recorder divisions. Humidities for
levels aloft should be read from the computer to
the nearest whole percent.

9. Doubtful Data. Doubtful data are indicated
with an asterisk on the data sheet.

h. Missing Data. Missing data are indicated
with “X’s” on the data sheet (level 13, fig 87).

1. Hypsometer Pressure Evaluation.

(1) Pressure contact values for radiosonde
AN/AMT-12 are evaluated in the same manner as
those for radiosonde AN/AMT-4( ) up to the
level where the hypsometer becomes usable. The
hypsometer circuit starts with contact 106 and
replaces the low reference contact before and
after each high reference contact above 105. For
example, contacts 106, 109, 111, 114, and 116 are
hypsometer contacts. In addition, contact 148 is
used because of the small pressure change.

Note. The hypsometer will trace out a continuous
curve (when individual traces are connected) which trends
toward the left. Therefore, pressures can be evaluated at
any level; not merely at the top or bottom of a trace.
When the flight ends on a temperature trace, the trend
of the hypsometer trace will be extrapolated upward to
the terminal level. After the balloon bursts, the hypso-
meter trace will change direction and trend toward the
right, however, pressure values are not valid during the
descending portion.

(2) After the baseline check of the radio-
sonde AN/AMT-12 has been computed, the radio-
sonde is removed from the baseline check set and
the pin arm is raised off the commutator. The
black test lead protruding from the right side of
the case is touched to the eyelet on the extreme



right of the commutator. This contact should
-energize the hypsometer relay and connect the
hypsometer into the circuit. When the contact is
grounded, the reading on the recorder should be
about 93 ordinates. If the reading is 95 ordinates
or more, the hypsometer circuit is shorted; the
modulator should be replaced and a new baseline
check performed. Modulators rejected because of
defective hypsometers may still be used for
soundings in which high-altitude data are not re-
quired. The hypsometer is disabled by discon-
necting and soldering together the leads to the
capsule. The pressure information obtained with
a radiosonde AN/AMT-12 that has a disabled
hypsometer will be the same as that obtained
with a radiosonde AN/AMT--4.

(3) After the baseline and hypsometer have
been checked and the pin arm has been set, 5
- cubic centimeters (cc) of carbon disulfide (CS8.,
reagent grade) are inserted in the hypsometer
boiler. The radiosonde should be held upright
until it is launched to prevent the fluid from
spilling.

Warning: (a) Carbon disulfide is pois-
onous, highly flammable, and explosive under
certain conditions. Personnel should exercise ex-
treme caution in the storage and handling of the
material.

(b) Both the liquid and the vapor are
highly toxic. Do not open containers where there
is inadequate ventilation. Preferably containers
should be opened outdoors. Do not inhale fumes.
In the pure state carbon disulfide is relatively
odorless; therefore, one must not rely upon odor
to indicate the presence of the chemical vapor.
Avoid contact of the lignid with the skin or eyes;
in case of accidental contact, wash the affected
area imnrediately with water. The poisonous ef-
fects of the chemical may be cumulative; there-
fore, repeated exposure in small doses may be as
hazardous as a single dose.

(c) Since carbon disulfide is highly
flammable, do not permit anyone to smoke
around open containers. Keep fluid away from
heated surfaces, from flames or smoldering fires,
and from sparks, such as those generated by
exposed electric switches or by open motor com-
mutators. Spontaneous ignition will oceur at
212° F. In case of fire, extinguish blaze with
sand, earth, water, carbon dioxide, or dry chem-
ical fire extinguishers.

(d) The substance will explode when
subjected to high heat, high pressure, or con-
cussion. In addition to the precautions listed
above, use care to avoid spilling the liquid. In

C1, FM 6-15

the event of accidental spillage, avoid stepping
in the liquid. Flush the affected area immediate-
ly with water. Do not permit cotton, rags, or
waste saturated with carbon disulfide to accum-
ulate; such materiel should be soaked with
water before disposal.

(e) Carbon disulfide is supplied in
sealed ampoules each containing about five cubic
centimeters of the chemical. Do not drop, toss,
throw, or unnecessarily shake the ampoules, as
the resulting jar might set off a damaging ex-
plosion. Similar precautions should be exercised
in handling used ampoules, as there may be
sufficient liquid adhering to the inside of the
vessel to explode. Used ampoules should be
placed in a protected place outdoors until all
liquid adhering to the inside has evaporated,
after which they may be discarded as trash.

(4) The hypsometer calibration chart is a
curve of pressure versus hypsometer ordinate di-
visions as traced on the recorder record. The hyp-
someter trace for the AN/AMT-12 radiosonde
first appears on the recorder record during flight
at about 90 ordinates and moves towards lower
ordinate values with decreasing pressure. When
the AN/AMT-12 radiosonde is used, pressures
will be determined from the pressure capsule cal-
ibration chart until the difference between the
pressures thus obtained and the pressures ob-
tained from the hypsometer calibration chart
reaches a point of least difference in the 50 to 20
millibar range. When the least pressure differ-
ence exceeds four mb, computations will be termi-
nated at 50 mb as this magnitude of difference in-
dicates a pressure error which is unacceptable at
pressures below 50 mb. When computations are
terminated at 50 mb, a second release will be
made if the minimum height requirement has
not been attained. When the least pressure differ-
ence is four mb or less, the pressures for each
significant level will be determined from the hyp-
someter calibration chart by using the corrected
hypsometer ordinate values to the nearest tenth
of a division. Pressures obtained from the hyp-
someter calibration chart will be read to the near-
est millibar at pressures equal to or greater than
20 mb and to the nearest tenth of a millibar at
pressures lower than 20 mb as 9.6, 5.4, etc. Sig-
nificant errors in ra