W. B. No. 1059

UNITED STATES DEPARTMENT OF AGRICULTURE

0,5, WEATHER BUREAU
¢ -

INSTRUCTIONS

FOR

AIRWAYS OBSERVERS

e
973
OSH

..:,;I

CIRCULAR N, AEROLOGICAL DIVISION
b/—\

[ Second Edition ] ho, N
- 1932 Hndl egy,

GOVERNMENT PRINTING OFFICE
WASHINGTON : 1932

For sale by the Superintendent of Documents, Washington, D. C. - - - DPrice 35 cents



National Oceanic and Atmospheric Administration

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the image, such
as:

Discolored pages
Faded or light ink
Binding intrudes into the text

This has been a co-operative project between the NOAA Central Library and the Climate
Database Modernization Program, National Climate Data Center (NCDC). To view the
original document, please contact the NOAA Central Library in Silver Spring, MD at
(301) 713-2607 x124 or www.reference@nodc.noaa.gov.

LASON

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
March 21, 2005



Blank page retained for pagination



CONTENTS

: Page
Instructions for airways ObServers. o ococcccoomeaio-sooaaoonn 1-36
Introductory . - oo e im e e ommmmmam oo -——-- 1
I. General instructions. - - - e ccmmmemmmmommtes 1
II. ClOUdB.. - o oo e e mm e m 3
III. General conditions. - - - oo oo oo ce oo e cemmmmme—emmmmme 17
(A) Sky... .l N
(B) Weather. . o aooaioiic oo 18
(C) Obstructions to vision. ... - . 20
IV, Celling . - oo oo oo meee e ememmmmoaeeoaoian 22
V. VisiDiliby - - oo oo oo f oo oo 24
VI, WiInd . oo oo e e e e e e mmm e emmmomo—ian 25
VII. Temperature. ... eoiciacceiocmemmmmmomaoo 27
VIIL. Dew point_ . o e 27
IX. Barometric pressure. . - o mmmacccmmoammma——nn 30
X. Teld eonditions. - - - - e mmememmmmaes 31
XI. RemArKS o o o o o e e cmmm e m e Lol 32
XIY, SUMIATY « - oo e oo oo oo eeeecee e m e mm— e mm e 32
Appendix X o e mmmm—mea—aomnes 36
Installation and operation of airways instruments__ . o ono-non-- 37-65
Introduction - - . o o e oo m e m e m e m e mmmmmm e 37
XIII. Standard instrumental equipment. . ... o ooceoaoaan- 37
XIV. Wind instruments. ... - - oo ocmommmmmmccmmmmmmmmmm e 38
XV. Pressure-measuring.instruments. .- ---occoooooooooon- .. 48
XVI. Temperature-measuring instruments_ . .- - ---ccco-oo-- 49
XVII. Equipment for measuring height of ceiling. - --ooooomoo 53
XVIII. Pilot balloon observations and equipment. - - --oouuo- 62
XIX. Precipitation measurement. .o cocooooeommammoaeaa 63
XX. Care of instruments. - - - - - oo cwmmc e emmmmmmmmem—m——mn 63
IndeX.. o - o o e e = 67-70
LIST OF TABLES

TasLe 1. Height above ground of base of various types of clouds. ... 5
2. Wind velocity equivalents___ ... ——_____.- fm e 26
3. Temperature of dew point in degrees Fahrenheit. ... 28
4. Height of cloud or ceiling, feet, light beam projected vertically __ 58

LIST OF ILLUSTRATIONS
Ficure 1. Cirrus, tufted form . ..o oo oecmceccm oo 6
2. Cirrus (top half) and cirro-stratus (bottom) ..o 7
3. Cirro-cumulus, overhead. - - - oo omemm e cemo oo 8
4. Alto-stratus, above & layer of fog. - oo omaam e 9
5. AIt0-CumMUIUS . o e oo e oo mmammmm e 10
6. Strato-cumulus. - e mm e 11
7. Strato-cumulus Tolls . _ .o e emmmmaan 12
8 CUMUIUS . o et iee e ccmammme e emm————— 13
9. Cumulo-nimbus. - - - -« e ememmaen 14
10, Nimbus_ - - e e ce e ceeccmmmmmm e m s 15
11, Stratus_ - o e eecmccmmmmmm—mmmmmmcecmm—eon 16
12. Ideal cross section of typical thunderstorm. .. - _._-o._._ 19
13. Illustrating six different readings of the aneroid barometer.... 30

I



v

Freure 14.
15.
16.
17.
18

CONTENTS

Beacon-light tower with anemometer and wind vane mounted
on separate 7-foot pipe supports erected on platform at
BPCX - o e oo e eeeeean

Clamp to hold anemometer or wind-vane support to railing of
beacon-light tower____ _____________________________.._

Twelve-foot wind-instrument support on roof of building;
airways shelter and alidade to right and left of center of
pleture. . o

Eighteen-foot wind-vane and anemometer support mounted
on platform on roof of observatory together with large-sized
shelter on 5-foot steel support and theodolite for pilot-balloon
observations__ __ _____________ ... ___

. Four-cup 1/60th-mile anemometer, ‘A’ showing complete

instrument; ‘ B”’ anemometer with dials removed.______.__

. Three-foot metal wind vane with contacting bearing_____.__._
. Contacting wind-vane bearing with shield removed__________
. Wind-velocity indicator, transformer type__._____._._._____
. Wind-velocity and direction indicator__________ ___________
. Diagram of circuits forelectrical connection of wind instruments

and indicator at airways station__________________.______

. Aneroid barometer with case removed to show details of

mechanism _ . . s

. Airways instrument shelter, ‘“A’’ with door opened to show

thermometer and mounting; “B’’, shelter and mounting
complete_ . oL ...

. Sling psychrometer_ . . __ .. _________.__.__________

Whirling apparatus for wet and dry-bulb psychrometer_._____

. Telethermoscope_ .o n.o.. e m e oo :
. Diagram showing relation of projector and angle-measuring

device._ _ ..

. Ceiling-light projector and mounting_ .. ____._______________
. Clinometer for measuring height of ceiling____._____________._ :
. Alidade for measuring height of ceiling__________________.__
. Brady inflation device with fittings for ceiling balloons._______

Page

38
39

40



INSTRUCTIONS FOR AIRWAYS
OBSERVERS

INTRODUCTORY

Since the inauguration of an airways weather service in 1926, the
conception of the type of observation necessary to give the pilot
a complete picture of the weather at a reporting station has changed
greatly. At that time little data were available to judge the most
important elements needed for the pilot, even they themselves were
somewhat hazy upon this, and observations were necessarily some-
what vague. Since that time, accumulated experience has indicated
an increasingly more specific type of observation until, at this time,
observations including the same elements in the same order are made
hourly over a great portion of the country and transmitted promptly
by teletype and radio to other points.

This development has been of great value to aviation in general
and is now recognized as one of the chief factors in the increasingly
safe transportation by air of mail, express, and passengers over an
ever larger territory. Pilots and transport operators have come
to rely upon the weather service with considerable assurance as an
aid in maintaining their schedules. This very reliance imposes upon
the observer the necessity for making every report of weather con-
ditions from his station as accurate as a conscientious effort will per-
mit, for upon its accuracy may ultimately depend the lives of pilots
and passengers. ,

Several instrumental aids have been developed to enhance the ac-
curacy of observations and these will be discussed later, but in the
final analysis accuracy can only be obtained through the observer
and he alone is responsible. As an aid to the observer in observing
and transmitting a complete picture of the weather at his station
in accordance with the accepted order and procedure now in general
use, the following instructions, with such explanatory matter as is
considered necessary for clearness, are promulgated. Until revoked
they are to be considered as the basis for all airways weather reports.

The general circulation of these instructions among not only
meteorological personnel, but also pilots, transport operators, and
all interested parties, is urged so that all may become familiar with
the terms and methods of getermining data used in the reports.

1. GENERAL INSTRUCTIONS

1. To obtain accurate observations it is highly important that an
observation point be selected from which a clear view in every di-
rection may be had, i. e., the observer must obtain a clear view of
the sky and the surrounding horizon. Experience has shown that

1



2 INSTRUCTIONS FOR AIRWAYS OBSERVERS

the roof of a hangar or other building at the airport is practically
ideal in this respect. However, it will not be possible for all to have
this advantage, and in its absence, an open spot on the ground away
from buildings is recommended.

2. After selecting the observation point, the distances of several
permanent landmarks in the line of sight should be determined ac-
curately. They may be barns, lone trees, water or radio towers,
etc., at varying distances from the observation point, 1. e., one at
perhaps 5 miles, another at 8 miles, etc. The objects selected should
then be plotted on a chart so that their true relation may be apparent
at a glance. If available, an aerial photograph of the surrounding
terrain, or a topographic map of the particular quadrangle is ver
satisfactory for this purpose. Several objects normally illuminate
at night (not beacons) should also be selected by which to measure
night visibilities.

3. All instruments used should be exposed in places as conveniently
near the observation point as is possible in accordance with the di-
rections given in Sections XIII-XX of this circular. This wil!
save considerable time in the taking of observations and allow the
observer to follow the highly desirable practice of making the ob-
servation just before time to transmit it.

4, Accurate records of observations are necessary and will be
kept by all observers on Form 1130-Aer. which is designed ex-
pressly for this purpose. As the elements of an observation are ob-
served, the observer will enter them direct upon these forms, each
observation to be initialed by the observer in the proper column,
so that the observation and its entry upon the form are completed at
the same time and the observation is ready to transmit at once.
Telephone, telegraph, radio, or teletype reports will be made from
these forms. A carbon copy will be made, one copy being retained at
the station and the other forwarded to the center for the district as
directed.

5. The description and explanation of the elements included in
an observation will be taken up separately, but in all cases the fol-
lowing order of elements will be used when reporting an observation:

GENERAL CONDITIONS, which includes—
(A; Sky.
§B Weather.
C) Obstructions to vision.
CEILING.
VISIBILITY.
WIND (direction and velocity).
TEMPERATURE.
DEW POINT (at stations authorized and equipped to do so).
BAROMETRIC PRESSURE.
FIELD CONDITIONS (at specified times).
REMARKS.

6. This arrangement of the elements is practically in the order
of their importance and is designed to enable the official charged
with this responsibility to determine whether or not a flight should
be attempted. The first three named, i. e., general conditions, ceiling,
and visibility, are always of vital importance. In the event that any
marked change occurs in these during the interval between regular
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observations at stations on teletype or radio cirouits, a complete new
observation will be made and reported immediately. Stations not on
these circuits, but reporting by telephone or telegraph, will follow
the same procedure as and when specifically directed to do so by
the supervising center. All elements are to be included in each
report. If an observation of any element is not possible because of

_defective equipment or for any other reason, that fact should be
included in the report.

II. CLOUDS

7. Before taking up the detailed discussion of the elements of a
report, the observer should first become familiar with the various
cloud types and their average altitudes, as these will often be of
considerable aid to him in making proper reports of the “sky”
and © ceiling ” elements. It is therefore desired that the cloud photo-
graphs, descriptions, and tables given in this section be carefully

studied.
CLOUD TYPES

Cirrus (Ci.) (fig. 1).—Detached clouds of delicate and fibrous appearance,
often showing a featherlike structure, generally of whitish color. Cirrus clouds
take the most varied shapes, such as isolated tufts, thin filaments on a blue sky,
threads spreading out in the form of feathers, curved filaments ending in tufts,
ete. They are invariably composed of ice crystals, their average height being,
winter and summer, about 80,000 feet. In the interpretation of this circular
they would be designated as ‘‘ upper ” or “high” type clouds. If these alone
were present, the ceiling would be reported as *unlimited.”

Oirro-stratus (Ci.-St.) (fig. 2, bottom half).—A thin whitish sheet of clouds
sometimes covering the sky completely and giving it only a milky appearance,
at other times presenting, more or less distinctly, a formation like a tangled
web. This sheet often produces halos around the sun and moon. These clouds,
like cirrus, are composed of ice crystals, have an average height, winter and
summer, of about 30,000 feet, and are classified as “upper ” or “high” type
clouds, with the ceiling to be reported as “unlimited ? when these alone are
present.

Cirro-cumulus (Ci.-Cu.) (fig. 3). Sometimes called * mackerel sky.” Small
globular masses or flakes without shadows, or showing very slight shadows,
arranged in groups and often in lines. Like the other cirrus forms these are
composed of ice crystals. 'Their average height, however, is somewhat lower,
averaging, winter and summer, about 22,000 feet, although they may be as low
as 10,000 or as high as 35,000 feet. They are “upper ” or “high” type clouds
and the ceiling would be reported as “ unlimited ” if these alone were present,
or if they were present in combination with other “ upper” clouds.

Alto-stratus (A.-St.) (#ig. 4).—A thick sheet of gray or bluish color, some-
times forming a compact mass of dark gray color and fibrous structure. At
other times the sheet is thin, resembling thick Ci.-St., and through it the
sun or moon may be seen dimly, as through ground glass. These clouds are
usually composed of water vapor and have an average height of 20,000 feet
in summer and 14,000 feet in winter, but may be as low as 8,000 feet and as
high as 82,000 feet in summer, and as low as 4,000 feet and as high as 32,000
feot in winter. They are classed as “intermediate” type clouds and ceilings
would be reported as dirvected in Section IV.

Alto-oumulus (A.-Cu.) (fig. 6.)—Large globular masses, white or grayish,
partly shaded, arranged in groups or lines, and often so closely packed that
their edges appear confused. The detached masses are generally larger and
more compact (resembling St.-Cu.), at the center of the group, but the thick-
Yiess of the layer varies. These clouds are classed as an “intermediate” type
and ceilings would be reported as directed in Section IV.

Strato-cumulus (St.-Cu.) (figs. 6 and 7 y.—Large globular masses or rolls of
dark clouds often covering the whole sky, especially in winter. Sometimes
thege clouds present the characteristic appearance of great rolls arranged in
parallel lines and pressed against one another, as shown in Figure 7. Blue
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sky may be secen through the intervening spaces which are of much lighter
color. St.-Cu. clouds may be distinguished from nimbus by their globular or
rolled appearance, and by the fact that they are not generally associated with
rain. These clouds are classed as a “lower” type and ceilings would be re-
ported as indicated for this type in Section 1V. Average heights and other data
are given in Table 1.

Cumulug (Cu.) (fig. 8).—Sometimes referred to as “ wool-pack clouds.”
Thick clouds of which the upper surface exhibits protuberances, while the buse
is' horizontal. These clouds appear to be formed by a diurnal ascensional
movement of the air which is always noticeable. True cumulus has well de-
fined upper and lower limits, but in strong winds this cloud sometimes breaks
and undergoes continual changes. They are classed as a “lower” type cloud
and ceilings would be reported as indicated for this type in Section IV. They
are generally a fair-weather cloud and each is usually quite distinct from
others surrounding it. .

OCumulo-wimbus (Cu.-Nb.) (fig. 9).—Also known as “thunderhead” or

“shower cloud.” Heavy masses of cloud rising in the form of mountains, tur-
rets, or anvils, generally surrounded by a sheet or screen of fibrous appearance
(false cirrus) and having at is base a mass of cloud similar to nimbus. From
the base local showers of rain or snow (occasionally of hail or soft hail)
usually fall. This cloud is quite easily distinguished by the observer and is
a source of thunderstorms. The presence of these clouds near the station
should always be reported, under “ remarks” when far away, or under * gen-
eral conditions ” when in the immediate proximity of the station.
" Nimbus (Nb.) (fig. 10).—Rain clouds. A thick layer of durk clouds without
shape and with ragged edges, from which steady rain or snow usually falls.
Through any openings in these clouds an upper layer of cirro-stratus or alto-
stratus may be seen almost invariably. They are almost always quite low,
usually under 2,000 feet. Observers should be extremely careful in reporting
ceiling heights when these are present as their height is hard to estimate or
measure, due to their lack of definite form.

Stratus (8t.) (fig. 11).-——A uniform layer of cloud resembling a fog, but
not resting on the ground. These clouds also are usually quite low and rain
or snow frequently accompanies them. They are frequently associated with
“icing " conditions in winter.

8. When any of the first three forms appear (Ci., Ci.-St., and
Ci.-Cu.) ‘it can be safely assumed that the ceiling is unlimited, as
the lowest possible altitudes of these types of clouds are well above
the usual range of airplanes. This will also very often be the. case
with the next two forms classified, i. e., A.-St. and A.-Cu., although
it will be noted that these clouds are sometimes as low as 2,500 to
4,000 feet.

9. It is sometimes hard to distinguish between A.-St. and St.;
also there will sometimes be doubt as to whether a cloud is A.-Cu.,
St.-Cu., or Cu. In such cases it is better to err on the safe side, and
consider the clouds as being of the lower type and estimate the height
of their base accordingly. .

10. Cu.-Nb. is usuaﬁy a detached cloud, covering but a small por-
tion of the sky. Its presence in the sky is therefore of importance
not so much from the standpoint of ceiling, as that it often portends
the occurrence or development of a thunderstorm. The nimbus is the
rain cloud, and is nearly always low. The stratus base is also
usually low, varying from a few hundred feet above the ground to
a few thousand feet.
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TaBLE 1.— Height above ground of base of various types of clouds

Summer (April-

Winter (October—

_ September) March)
Name of clouds | Type - T T T
Range in height, }Eisu}?tl Range in height, g?u}?'%
feet e feet e
Cirrus- - - - eo- Upper- - 20, 000-40, 000| 30, 000, 20, 000—40, 000| 30, 000
Cirro-stratus. _..|.__.do_..____ 20, 000-40, 000; 30, 000 20, 000-40, 000, 30, 000
Cirro-cumulus_..|...do..._... 10, 000-35, 000| 22, 000| 10, 000—3.‘f, 000; 22, 000
Alto-stratus.._...| Interm’d’te.| .8, 000-32, 000| 20, 000| 4, 000-32, 000/ 14, 000
Alto-cumulus._. - 2, 50028, 000| 10, 000; 5, 000-20, 000| 10, 000
Strato-cumulus.. 500-12, 000| 2, 000 500-12, 000| 2, 000
Cumulus__.____ 1, 000-11, 000| &, 000| 1, 200- 9, 000 4,000
Nimbus_.._-__.. 700-13, 000 800 700-12, 000; 1, 000
Stratus...._ ... 200- 6, 000| 1,000  200- 6, 000 1,000




Ficure 1.—Cirrus, tufted

form.
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FIGURE 2.—Cirrus (top half) and cirro-stratus (bottom half).
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Ficurp 3.—Cirro-cumulus, overhead. (1. E. Barnard)



FIGURE 4.—Alto-stratus, above a layer of fog.

(F. Ellerman)

SUTAMASIO SAVMIIV Y04 SNOILONYMLSNI



FIGURE 5.—Alto-cumulus,

(A. J. Weed)

0T

SHHAYHSIO SAVMUIYV Y04 SNOILONUMLSNI



INSTRUCTIONS FOR AIRWAYS OBSERVERS

1l

(F. Ellerman)

S.

Strato-cumulu

RE 6.

Ficu




SUTAMUISIO SAVMUIV Y04 SNOILLONYLSNI

FIGURE T.—Strato-cumulus rolls. (W. 8. Davis)
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Ficure 10.—Nimbus.
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(A. J. Weed)

91

[AMASTO SAVMUIV MOd SNOTLONMLSNI

-
(G

S



INSTRUCTIONS FOR AIRWAYS OBSERVERS 17

I1II. GENERAL CONDITIONS

11. Under the broad term of “ General conditions” a complete
picture of the weather as it is observed with the eye is intended to
be given. It will readily be seen that no single term will express this
completely and the general term is modified by breaking it up into
three subheads, as shown in paragraph 5. k

(A) Sxy

12. The pilot is always concerned with the condition of the sky,
i. e., whether or not clouds are present and, if so, the amount. By
knowing the condition of the sky through reports along his course
and at his destination, he is often able to determine whether or not
it will be feasible to fly above the clouds, thus avoiding stretches of
bad weather lying beneath, and also whether or not he will find
breaks in any cloud covering present through which to check his
course or descend at his destination.

18. The sky condition is always the first element of an observation,
and will be recorded as such. The observer will carefully observe
the sky, making note if the clouds are of an upper, intermediate, or
lower type in accordance with the cloud descriptions given in Section
II. Next, the amount present should be noted. Also, note if the
clouds are moving exceptionally fast, or if they are in a highly
turbulent condition. If so, this fact should be reported. After ob-
serving the sky its condition will be reported by using the appro-
priate term, or combination of terms, from the following:

(a) Clear—When there are no clouds or when the sky is less than
one-tenth covered.

(b) Secattered clouds—When the sky is from one-tenth to five-
tenths (one-half), inclusive, covered.

(¢c) Broken clouds—When the sky is from over five-tenths up to
and including nine-tenths covered.

(d) Owercast—When the sky is more than nine-tenths covered.

(¢) Dense fog—When fog 1s present, the visibility is less than
one-fifth mile (1,000 feet) and t%e sky can mot be seen overhead.
This element is discussed more fully in paragraph 20.

14. The first four terms will be used: irrespective of the type of
clouds present. However, should a thin lower type be present,
through which the solar or lunar disk is faintly visible, the terms,
“thin broken clouds,” or “thin overcast” should be appropriately
used. Care should be taken, however, that it is a lower type that is
present, as the sun and moon are visible through several of the high
type clouds. If the clouds are of the extremely high thin ty};)e a
further modification may be used, as “ high thin broken clouds,” or
“high thin overcast.”

15, Whenever “scattered ? or ¢ broken ” clouds are reported, the
word “clouds ” should never be omitted. For instance, one might
report © broken thick haze ” which would leave an entirely erroneous
impression while there is no doubt as to the meaning when it is
reported as “ broken clouds, thick haze.”

16. Should the clouds be of unusually dark and threatening ap-
pearance the term “ dark overcast ” may be used.
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17. Combinations of *scattered clouds,” *broken clouds,” and
“overcast ” when there are definite lafvers of clouds through the
lower of which the upper may be seen, should be used. This will be
more fully discussed in Section IV,

18. The proper use of the above terms will give a clear under-
standable picture of sky conditions to all concerned. Therefore,
only these terms will be used in reporting the sky element and one
of them will always be the first word or words of the report proper.

(B) WEATHER

19. It will readily be seen that in a large number of cases the
“sky ” element will be the only one necessary to be reported under
“ General conditions,” as no “ weather ¥ or “ obstructions to vision ”
elements, as defined herein, will be present. However, precipitation
and other phenomena will often be occurring, and their presence,
together with their intensity, must be reported, for while a pilot
might be able to fly in a light or moderate rain or snow, heavy rain
or snow may make this inadvisable. Therefore, the observer will
carefully judge the intensity of any precipitation occurring and
enter this as the second element of the report when appropriate,
using one of the following terms:

(a) Light, moderate, or keavy rain.

(b) Light, moderate, or heavy snow.

(c) Light, moderate, or heavy sleet.

(d) Leght, moderate, or heavy freezing rain—This should not
be confused with sleet. Sleet consists of rain reaching the earth
as ice pellets, while “freezing rain” falls as water and instantly
freezes to objects as it strikes them. It causes what are known as
“ice storms.” “Freezing rain” is very dangerous to aircraft in
flight, as it freezes to struts and the leading edges of the wings,
thus changing their contour and weighting the whole plane down,
often resulting in forced landings.
ée; Sprinkling—When a few drops of rain are falling.

t) Light or heavy mist—When fine droplets of water are falling.

(g) Rain or snow squalls—When sudden and rather heavy inter-
mittent showers of rain or snow accompanied by strong gusty winds
occur. These are usually thundersqualls in the summer, but in
winter usually occur on the wind-shift line and are evidences of
highly turbulent conditions which may constitute a considerable
hazard to aircraft.

(h) Snow flurries—OQccasional brief falls of snow.

(1) Light, moderate, or heawy hail—A fall of icc pellets always
attended by thunderstorm conditions, Large hailstones may fall, or
be driven by the wind, with such force as to punch holes in the
wings, or break the propellers of aireraft and constitute a highly
dangerous condition even when occurring in mild form.

20. It is desired to point out here that in no case should the
intensity of auy precipitation occurring be gauged by the visibility.
This intensity is to be judged solely by the amount falling through
the air and the modifying terms “light,” “ moderate,” and “heavy ”
are significant of this and not of the distance that can be seen through
it. A heavy rain might occur with a visibility of several miles.



INSTRUCTIONS FOR AIRWAYS OBSERVERS 19

21. In addition to the foregoing, the following designated phe-
nomena should be included in the report when observed and as
outlined in each case:

(a) Lightning.—This should be reported under “ Remarks” when
visible, together with its direction from the reporting station, e. g.,
“lightning in southeast.” This information often indicates whether
or not thunderstorms will move over the course during the period of
a flight. It is especially helpful at night when it is most easily
observed.

(b) Thunder.~—This should be reported under “ Remarks,” to-
gether with its direction from the reporting station, e. g., “thunder
in west,” etc. Also, the presence of thunderheads (cumulo-nimbus
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I1GURE 12.—Ideal c¢ross scction of a typical thunderstorm. A, ascending air;
D, descending alr; €, storm collar; 8, roll scud; D’, wind gust; H, hail; 7,
thunderheads; X, primary rain; R’, secondary rain. (After Humphreys)

clouds), should be reported directionally, i. e., “thunderheads in
southwest ? under “ Remarks.” This, too, indicates the presence of
thunderstorms near the course and is valuable information.

(¢) Thunderstorms—These disturbances are highly dangerous to
aircraft, owing to the strong vertical currents (both up and down),
heavy rain, and often hail, and excessive turbulence accompanying
them. Cases are known in which airplanes have been thrown out of
control by the violently descending currents and in other cases have
been caught in the ascending currents and carried upwards several
thousand feet, even with the nose down and the throttle wide open.
Therefore, observers should be alert to report any thunderstorms in
their vicinity. The intensity and direction of movement should also be
reported when practicable. The presence of thunderstorms will be
reported as a “weather” element and included in the  General
Conditions ” when actually occurring at the station, or in such close
proximity as to constitute a dominating clement in the weather at
that time, e. g., “ overcast, thunderstorm approaching from west ”;
“overcast, violent thunderstorm, severe lightning, hail, and rain
squalls.” “When not falling in the foregoing classification, i. e., when
observed at some distance, or having passed over the station, and
thus not constituting a dominating condition, they will be reported
under “ Remarks.” TFor example: “ Thunderstorm in distant south-
west ”; “mild thunderstorm passed to north half hour ago.”
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- (d) Wind-shift line—~—To be reported under “Remarks” on the
next succeeding observation after the wind has suddenly shifted
from a southerly or easterly to a westerly or northwesterly direction
accompanied by strong, gusty winds, rapid temperature drop, an
in summer usually by severe lightning and thunder, intense rain or
snow squalls at frequent intervals, and a rapid lowering of the:
ceiling. A strong northwest wind will continue to blow steadily
after 1t has passed, and the sky will usually clear rapidly. This
condition is one of the most dangerous encountered by saircraft.
Extreme caution should be used in reporting it. If it is believed
that one has occurred, report in the following manner: “ Wind-
shift line passed over half hour ago,” etc.

(e) Tornado, hurricane, sandstorm and other phenomena are to
be reported when appropriate, with the addition of such explanatory
remarks as may be necessary. :

22. Observers should always be on the alert to report any weather
phenomena having a bearing on flying activities, for these may indi-
cate the presence of a highly dangerous condition and be very useful
to the forecaster and pilot.

(C) OBSTRTCTIONS TO VISION

23. Almost everybody has noticed that distant objects are more
clearly seen at some times than at others. The phenomena causing
such limitation of vision are those to be discussed in this section. To
obtain a clear conception of why mention must be made of vision
limiting factors in airways observations, the thought must be borne
in mind that airplanes move at speeds of a hundred or more miles
an hour, and that the pilot must be able to sece forward far enough to
pick up landmarks on which to check his course.

24. Strictly speaking, any form of precipitation is an obstruction
to vision. However, since the reporting of this has been fully dis-
cussed in Section III (b) it is felt that it is sufficient to state here
that when precipitation is reported to be occurring and no other vi-
sion limiting factors are mentioned, it will be assumed at the station
receiving the report that the precipitation alone is the cause of any
limited vision. :

25. If the distance that the observer can see toward the horizon
(this is known as the “ visibility ” and will be discussed at length in
Section V) is greater than 6 miles, no mention need be made of any
obstructions present. (Hereafter, in this circular,  visibility » will
be used for “ distance seen toward the horizon ” in all cases.)

26. If the visibility is 6 miles or less the cause of the restricted
vision must be reported, unless occurring precipitation is alone the
vision limiting factor and this has been previously reported under
“ weather.” Between 2 and 6 miles the condition will almost invari-
ably be one of smoke or haze and may be reported as either, accord-
ing to the judgment of the observer. ) o

27. If the visibility is 6 miles or less, and if no precipitation is
occurring, or if it is occurring but does not alone constitute the vision-
limiting factor, one of the Following conditions should be reported
immediately following ¢ weather » conditions or the “sky ” conditions
if no weather elements are present to be reported:
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(a) Hazy, smolky, dusty—When haze, smoke, or dust (or combina-
tions of these) are present and the visibility is between 1 and 6 miles,
inclusive. One term only is to be used in any report; the predominat-
ing condition being given when combinations occur.

(b) Thick haze, thick smoke, thick dust.—When haze, smoke, or
dust, or combinations of these, are present and tke m’sibilit? s less
than 1 mile. As in the foregoing paragraph, one term only to be
used in any report; the predominating condition to be given when
combinations occur. )

(¢) Light fog—To be reported when fog is present and the visi-
bility is greater than three-fourths mile. / Except in rare instances,
the extent of visibility with this condition will be less than 2 miles.
When the visibility is greater than this, and “ light fog ” is reported,
care should be taken to make certain that it is really f%g that is seen
as an obstruction. / The observer should be alert to report the first
evidence of light fog, as this will often be the means by which the
forecaster may determine whether or not to predict heavier fog for-
mations over a given suspected area. For guidance of those stations
equipped to make psychrometric observations, it may be said that fog
is rarely, if ever, present in an area in which the dew-point tempera-
ture is 4° or more lower than the air temperature. This is particu-
larly true as concerns the formation of fog, although fog already
present ma{_‘ persist considerably beyond the limit given in rare
instances. Fog may be distinguished from the same degree of haze
or smoke in that tt is essentially damyp in character, while haze or
smoke are dry.

(d) Moderate fog—To be reported when fog is present and the
visibility is over one-fifth but not more than three-fourths mile. It
often develops into dense fog without warning and thus constitutes
a serious danger to aircraft operation outside its own visibility limit-
ing power. When present, care should be taken immediately to
report any definite thickening tendency.

(e) Dense fog—To be reported when fog is present, the visibility
is one-fifth mile, or less and tke sky can not be seen overhead. When
this occurs, as explained under (13eg in this section, it will be re-
ported as a “sky” condition as the first words of the report. ZTke
cetling in any observation in which “ dense fog” is reported will
invariably be reported as zero and the visibility as less than one-fifth
‘mile. Dense fog, not to be confused with “ dense ground fog,” consti-
tutes one of the gravest dangers to the safe operation of aircraft, and

-upon (iits occurrence all stations concerned should be immediately
advised.

(f) Dense « ground ” fog.—To be reported when fog is present in

a layer through which the sky can be seen and the visibility is one-
fifth mile or less. |Since the “sky ” condition can be seen, this will
always be entered as the first element of any report in which “ dense
ground fog ” is reported. Its absence would imply that it was
¢ dense fog ” that was present. A ceiling height, “ unlimited ” if the
sky is clear or only scattered clouds are present or the height of any
lower broken or overcast layer of clouds visible, must invariably be
reported. The ceiling is never to be reported as zero in an observa-
tion in which “ dense ground fog ” is reported. .
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(g) Light or moderate “ ground ” fog will often occur and is dis-
tinguishable from light or moderate fog by its tendency to occur in
shallow layers and patches. It is to be reported in accordance with
the visibility limits for light and moderate fog.

28, For example.—* Dense fog ” would be reported as follows:

“Dense fog (ceiling) zero (visibility) one-eighth mile, ete.”, it
being understood, of course, that this is only an example and the
visibility would be reported as it actually is, while *“ dense ground
fog ” would be reported as— o

% Clear, dense ground fog (ceiling) unlimited (visibility) one-
eight mile” or “scattered clouds (ceiling) unlimited (visibility)
zero, etc.”

29. Airplane landings are generally impracticable in either dense
fog or dense ground fog because of the pilot’s inability to see the
ground or surrounding objects. However, dense ground fog may
usually be flown over as unlimited or rather high ceilings almost al-
ways are present in conjunction with this. Dense fog, though, in
most cases does not permit this as it is usually of considerable depth
and occurs in combination with low overcast. The importance of
the accurate reporting of fog conditions can not be too strongly im-
pressed upon the observer.

IV. CEILING

30. The “ ceiling ” at any given time is generally defined as being
the highest point at which a pilot may operate his plane and still
distinguish the earth. However, the practical ceiling is usually some-
what lower than this, as most pilots prefer to be able to see hori-
zontally beneath the ceiling to some extent. While it will readily
be seen that in most cases the ceiling will coincide with the base of
any clouds present, this is not always true. During heavy rain or
snow, or when thick haze or smoke is present, the flying ceiling
may be much lower than the cloud base. Naturally, there can be no
hard and fast rule laid down concerning this point and it must be
left to the judgment of the observer, who should, invariably, make
allowances toward a lower figure than the apparent ceiling when
such conditions are present.

31. The height of the ceiling is vital to the pilot, for this de-
termines just how high he may fly and still see the earth, and also
whether or not he may fly beneath the ceiling and still clear all ob-
stacles safely. If the airplane fails to function and has to be landed
when flying beneath a low ceiling the area available for landing is
much reduced. It is therefore apparent that the observer should
have some means to measure this element accurately up to 2,000 feet
over the station, 2,000 feet being generally regarded as a safe eleva-
tion over most terrain. In this connection it should be stated that
the lower the ceiling, the more accurately it can and should be
determined. ’

82. For this purpose, instrumental aids, effective up to 2,000 feet
or higher, have been developed for measuring the ceiling height,
under certain circumstances, during both daylight and dark. For
the daylight measurements ceiling balloons are used. Full discus-
- sion of the instruments and procedure used in this method of measur-
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(h) Blowing snow.—When snow is picked up from the surface and
blown about by the wind, reducing the visibility to 6 miles or less.
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ing ceilings will be found in Section XVII of this circular. How-
ever, ceiling balloons should never be depended on to give correct
results if used when the precipitation is other than light. Also,
during high surface winds it may be that the balloon will be carried
out of sight before reaching the clouds. In such cases the ceiling
should be reported as being “over” the last observed altitude,
provided this is less than 2,000 feet.

33. For night observations of ceiling a spot of light is thrown on
the clouds by means of a projector designed for this purpose. The
projector is set at a known distance from the observer, usually 500
feet, and by means of tables the height of the spot is casily deter-
mined from the angle given by an angle-measuring instrument
designed for this purpose and known as a “ clinometer.” Full
- discussion of the instruments and procedure used in this method of
measuring ceilings will also be found in Section XVII.

34. The height of the ceiling, to the nearest 100 feet up to 5,000,
and above that to the nearest 500 feet up to 10,000, will be entered
. immediately after the ¢ General Conditions.” When estimnated by the

observer it should be preceded by the abbreviation “ Etd.,” meaning
“estimated.”

35. When the sky is clear, or only scattered clouds of any type
are present, the ceiling is “unlimited.” When ¢ broken clouds ”
or “overcast ? obtains and the clouds are of the lower, or interme-
diate, types, a ceiling height should always be given, if in the observ-
er’s opinion the intermediate clouds are below 10,000 feet. When
2 high “broken ” or “ overcast ” condition is present with only scat-
tered lower or intermediate clouds present beneath, or none at all,
the ceiling will be reported as “unlimited.” If, however, a high
broken or overcast condition is present and lower type clouds in an
amount covering over five-tenths of the sky are present beneath, the
ceiling will invariably be given as the height of the lower strata. The
following examples are given as an aid in visualizing the reporting
of various kinds of sky conditions with respect to ceiling:

Overcast, 500, .

Broken clouds, 3,000.

Scattered clouds, unlimited.

Clear, unlimited.

High overcast, unlimited. _

High broken clouds, unlimited.

High overcast, lower broken clouds, 3,000.

High overcast, lower scattered clouds, unlimited.

High and low broken clouds, 8,000.

The ceiling heights given are, of course, only for the purpose

of illustration, and may just as well have been other figures.)

36. In other words, when high type clouds alone are present, the
ceiling will be reported as “unlimited ”; when lower type clouds are
Jeésent in an mmount covering over five-tenths of the sky, their
reight must always be reported as the ceiling; when ‘mtermediate
type clouds are present in an amount covering over five-tenths of
the sky, their height will be reported, provided this is less than
10,000 feet; and when two or more strata at different levels are
present the height of the lowest covermg more than five-tenths of
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the sky will be given as the ceiling, provided that they are not a
high type cloud. -

37. A careful study of Section II will enable the observer to
distinguish between high, intermediate, and low type clouds. How-
ever, for the purposes of simplicity in reporting, when two or more
layers of clouds are present, those at or above 10,000 feet will be
reported as “ high” and those below as “lower.” In these cases
both types will be reported in ¢ General conditions.” For example,
let us assume that four-tenths of the sky is covered with clouds above
10,000 feet and six-tenths with clouds at 4,000 feet. This would then
be reported as “ High scattered, lower broken clouds, 4,000.” .

38. After an observer has made a number of observations of ceil-
ing by instrument, he will find that his results as obtained by
estimation will more closely approximate the true value than seems -
possible at first thought.

39. If the observer is located in a mountainous district, or. in a
locality where several high buildings are visible, the height of the
ceiling may often be determined quite accurately by observing the
portions of the mountains or buildings that may be obscured, but
measurements should be frequently made with instruments where

racticable in any case when the ceiling is less than 2,000 feet. (See
gection XVIIL)
V. VISIBILITY

40. Visibility is usually defined as being the greatest distance
toward the horizon at which prominent objects can be seen and
identified by the unaided eye. This element will always be re-
ported immediately following the ceiling and under no circumstances
should it ever be omitted. The values will be reported invariably
in miles, and/or fractions thereof, when less than 4 miles; to the
nearest whole mile only when between 4 and 15 miles; and to the
nearest 5 miles when greater than 15 miles; the value to be obtained
by direct observation of the prominent landmarks selected in ac-
cordance with instructions in Section 1, paragraph 2. TFor instance,
suppose that the landmark selected for the 5-mile distance stands out
clearly, but that at 7 miles can barely be distinguished. It is evi-
dent that the visibility is over 5 miles and probably less than 7 miles,
and_therefore the logical conclusion would be to report it as being
6 miles.

41. The visibility element is of high importance to the pilot, as
explained in Section III, and since all its values are determined
visually the observer should exercise care at all times to determine
these accurately. Observations of visibility should be made with
extreme care during times when the ceiling is low, as it will be
doubly important then that the pilot see far enough ahead to avoid
tall buildings, towers, etc.

42. For determining the visibility at night, the distinctness with
which a moderate light at a known distance stands out should be
taken as the basis for the value reported. The use of beacon lights
for checking visibility at-night is not advisable, for they are especially
designed to penetrate fog, haze, and smoke, and will give values far
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in excess of those actually present. For instance: It has been noted
on many occasions that a station will report a visibility of 20 miles or
more during darkness when using the beacons as checking points, but
upon day breaking this will fall abruptly to 8 or 10 miles. The
reason for this seeming discrepancy is, that while haze or other lim-

iting factors are present at night as well as during the daylight
hours, the beacon gives an utterly false value due to its high pene-
trating power.

43. The case often arises where a station is surrounded by moun-
tains or other obstructions which prevent the observer from
seeing more than a limited distance. In such cases, the visibility can
be ascertained fairly well by noting the sharpness with which
selected checking points stand out. When objects stand out sharply
and clearly and with little blurring of color, this indicates that the
air is free of haze and is fairly homogeneous as regards tempera-
ture. Under such conditions the visibility is good or excellent. On
the other hand, if objects are blurred and indistinct and seem to
have a grayish or purplish hue, this would indicate the presence of -
haze or other obstructions and a consequent reduced visibility. A
little experience and careful observation will enable the observer to
give accurate visibility reports at points where the range of vision
1s limited.

44. When reporting visibilities between zero and one mile the fol-
lowing fractions are to be used: 143 15 (1,000 feet); 14; Vo3 834 ; and
1 mile. Between 1 and 2 miles: 114; 114; 134 ; and 2 miles. Between
2 and 4 miles: 2%%; 3; 3%; and 4 miles. When visibilities are over
4 miles fractions of miles will be omitted.

VI. WIND

45. This element will be reported immediately following the visi-
bility. Both direction and velocity will be given. The “direction ”
of the wind is always that direction from which the wind is coming,
i e., if the wind is from the northwest, the direction of the wind
would be reported as northwest. The velocity will always be given
in miles per hour. If the cups of the anemometer are not moving,
or if smoke rises vertically, the wind will be reported as calm.”
However, care should be taken to ascertain and report the direction
and velocity of even very light winds, as this information is often
of importance to the forecaster and other meteorologists concerned
in determining changes in pressure distribution, or as an indication
of the clearing of fog.

46. The wind element should be inciuded in every report. At sta-
tions equipped with the standard Weather Bureau contacting wind
vane, one-sixtieth-mile indicating anemometer, and wind direction
and velocity indicator (a description of these instruments is included
in Section XIV), little trouble will be experienced in determining
these data accurately. However, for the information of those sta-
tions not so completely equipped, or if the equipment for some reason
is not in working order, the velocity may be estimated from the
following table:
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TaBLE 2.—Wind velocity equivalents

Des:g:‘gtilve Velgg;tib‘rlr:‘lles Specifications for estimating velocities
Calm_________ Less than 1.__| Smoke rises vertically.
1to3._. ... Direction of wind shown by smoke drift, but
Light. - .___.__ not by wind vanes. :
4to7 .. Wind felt on face; leaves rustle; ordinary vane
moved by wind.
Gentle_ .- _._.__ 8tol12.______ * Leaves and small twigs in constant motion;
wind extends light flag.
Moderate__..__ 13 to 18__.____ Raises dust and loose paper; small branches
are moved.
Fresh_ ___._____ 19to24.____. Small trees in leaf begin to sway; crested
wavelets form on inland waters.
‘25 to 31__..__. | Large branches in motion; whistling heard in
Strong- - .- j :L)Ellet%’ruph wires; umbrellas used with diffi-
132to38....__ Whole trees in motion; inconvenience felt in
i walking against the wind.
(39 to46_ .. Breaks twigs off trees; gencrally impedes
Gale.___._____ progress.
4710 54 ___._ Slight structural damage occurs (chimney pots
and slate removed).
55to63_.____ Trees uprooted; considerable structural damage
Whole gale____ ! occurs. .
64 to 75..____ Rarely experienced; accompanied by wide-
spread damage.
Hurricane. . _ .. l Above 75. .

1 Except * calm,” thesc terms not to be used in reports.

47. The angle and (turgidness of the wind cone, usually present at
airports, may also be used to estimate the direction and velocity.

48. The Weather Bureau wind direction and velocity indicators
in use at many stations will easily give wind directions to 16 points
rather than the 8 ordinarily employed. For instance, if the west
bulb burns steadily and the north bulb flashes intermittently, this
would indicate a west-northwest wind. Conversely, if the north bulb
burns steadily and the west flashes intermittently, it will indicate a
north-northwest wind. Of course, if both the north and west bulbs
burn steadily, or if one dims only for an instant, this would indicate
a northwest wind. A direction should be reported only after the
indicator has been watched for at least 30 seconds. :

49. The wind direction should be reported to 16 points of the
compass. The various directions and their abbreviations to be used
are as follows:

N North. S South.

NNE North-northeast. SSwW South-southwest.
NE Northeast. . SW Southwest.

ENE East-northcast. WSW West-southwest.
E East. w West.

ESE East-southcast. WNW West-northwest.
SE Southeast. NwW Northwest.

SSE South-southeast. NNW North-northwest.
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50. Since the wind element is measured mechanically in practically
all cases, it is believed that the foregoing contains practically com-
plete information to assure its correct reporting. However, the ob-
server should bear in mind that the wind data are of considerable
value and use to the pilot for his determination of landing conditions
and directions at his destination and along the route, and for his
estimations of his speed with relation to the ground. For these
reasons, it should be observed carefully. Amplifying terms such as
“ ousty,” “variable,” etc., should be reported, when appropriate,
immediately following the direction and velocity.

VII. TEMPERATURE

51. The temperature is to be reported immediately following the
wind element. It should be given to the ncarest whole degree
Fahrenheit, as determined by the reading of a standard Weather
Bureau thermometer exposed in a shelter located in accordance with
instructions for this purpose.

52. Knowledge of the temperature is important to the pilot and
forecasters, particularly when near the freezing point. Often at
such times a plane will become covered with ice whille flying through
a mist or cloud and ice ridges will build up on the leading edges of
the wings, changing their contour and lifting power. If the condi-
tion persists, a forced landing is almost inevitable, However, if the
surface temperature is above freezing or considerably below, the
‘plane may be rid of its load of ice sometimes by flying at a lower
altitude where the ice will melt or evaporate. On other occasions
it may be necessary to go above the clouds to lose the ice. In all
events, it will be scen that with an accurate knowledge of the temper- -
ature, together with the other elements of an observation, ice hazards -
may possibly be foreseen before the plane leaves the ground.

53. Inequalities in temperature are also a cause of “ bumpy ” air
and gusty winds. For instance, on a hot still day certain portions
of the ground heat up much more rapidly than others and the sur-
rounding air. The air over these points is heated by contact and
rises. Presently a column of rising air is established and to the
plane flying into this, it constitutes a “ bump ” which may be mild
or severe according to the velocity of the rising current.

54, While temperature is not always an element of paramount im-
portance, it is generally useful and is sometimes of great help to the
pilot. Observers should be careful to report it accurately.

VIII. DEW POINT

55. Not all stations are required or equipped to report dew-point
temperature, but when reported it should immediately follow the
current air temperature. Its value to the meteorologist in forceast-
ing fogs, and sometimes thunderstorms, is very great.

56. The dew point is that temperature to which a mixed volume
of air and water vapor must be reduced before saturation occurs
and condensation in the form of visible fog, dew or cloud particles
starts. A whirled wet and dry bulb psychrometer, two forms of
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which are described and illustrated in Section XVI, is employed to
determine first the depression of the wet-bulb temperature. Then
by reference to the psychrometric table, Table 3, using the air or
dry-bulb temperature, #, and the depression, #—¢’, or the difference
between the wet and dry bulb temperatures, to enter the table, the
dew point is readily found.

57. For example, the bulb of the thermometer with the cloth
around it is moistened and the psychrometer whirled in the shade.
The temperature of the dry bulb may then read 68° and the wet bulb
63°. The difference between the readings is thus 5°. By reference
to Table 3, which is a part of the psychrometric tables, it will be
noted that at the top depressions of the wet-bulb thermometer, t—¢’,
are given in degrees, and the temperature of the dry bulb or air
temperature along the left side. Find the column marked “5.0”
at the top and follow this down until the horizontal line for tem-
perature 68° is reached. The figure there found is 60° which is
the dew point in degrees Fahrenheit for an air temperature of 68°
and a 5° depression of the wet-bulb thermometer. This would be
entered in the report directly following the temperature 68°.

TaBLR 3.—Temperature of dew point in degrees Fahrenheit?

[Pressure=30.0 inches]

Air | Depression of wet-bulb thermometer (¢-—t')
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1 Page 17 of Weather Bureau psychrometric tahles, No. 235.
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TaBLB 3.—T'emperature of dew point in degrees Fahrenheit—Continued

[ Pressure=30.0 inches]

Depression of wet-bulb thermometer (¢—¢')
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58. During the winter months when temperatures fall below
freezing it will be necessary that the wet bulb be moistened at least
15 minutes before the observation is taken, in order that the latent
heat released when water is frozen be dissipated by the time the
observation is to be taken. If this is not done, it will be found that
considerable time and effort will be expended in whirling the psy-
chrometer to get a depression. At points where hourly observa-
tions are taken, the wet bulb should be immersed in a glass of luke-
warm water after each reading in order to remove all previously
formed ice. After this is done, it may then be allowed to hang in
the shade and by the time the next hourly reading is necessary it
will have a thin and thoroughly cooled ice coating.

59. During a dense or moderate fog it will be found that little or
no depression can be obtained, and in such cases the dew point is at
the current temperature, or in other words, both the current and the
dew-point temperatures are the same. However, every effort should
be made to obtain a depression, for a reported difference of only 1°
will often give the meteorologist an indication of clearing fog.

60. For greatest accuracy in these readings, the wet and dry bulb
thermometers should be read to the nearest tenth of a degree and
the dew-point temperature interpolated in the tables from the tem-
peratures so obtained. However, it is believed that by conscien-
tiously reading the thermometers to the nearest five-tenths degree,
except at low temperatures when readings to one-tenth degree should
be made, a sufficiently accurate result will be obtained if care is taken
to interpolate correctly the values so obtained in the tables provided.

8188¢6—32——3
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IX. BAROMETRIC PRESSURE

61. The barometric pressure will be reported immediately follow-
ing the dew point if this is included, or following the temperature
if it is not, at stations authorized and equipped to do so. It will
always be expressed in inches and hundreths thereof, i. e., a pressure
of 30 inches even would be reported “ 30.00”; a pressure of 30yy
inches “80.10”; a pressure of 29 and 84/100 inches “29.84 7. ete.

62. This element when correctly obtained and reported is of the
highest importance to the meteorologist. By having these readings
from a number of well distributed stations the paths of storm and
fair weather areas may be accurately checked and forecast. Also,
the height indicator, or altimeter, in airplanes may be properly set
to allow for differences in pressure along a course, as shown by the

FicurE 13.—Illustrating six different readings of ancrold barometer

reported values. The pilot is thus able to allow correctly for the
changes produced by varying pressures in the readings of that
instrument.

63. The barometric pressure is obtained at many stations from the
readings of an aneroid barometer. The following method should be
used for obtainin% the pressure by means of this instrument:

(a) Hang or place barometer indoors where it will not be subject
to extremes of heat and cold, or rapid changes in temperature, and
" especially where it is not likeiy to be jarred. _

b) Before making & reading tap the face of the barometer very
gently’ with the finger; this will take the needle to its true “ settling
oint.”

(¢c) Write down reading of needle at scheduled time of making
report. The entry should %e in inches, tenths, and hundredths, thus:
“99.592,” ¢ 28,02, “ 30.00,” etc.

84. These instruments are usually graduated to every two-hun-
dredths of an inch, and reading of them to hundredths is, therefore,
easy. Care, however, should be taken not to confuse the tenths
divisions with those for hundredths. Figure 13 is a reproduction of
a portion of the dial of a common type of aneroid barometer, to
which has been affixed a series of imaginary positions of the needle,
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marked “a,” “b,” % ¢, ete. The following are the correct readings
corresponding to these positions:

a. 28.75 inches. d. 29.56 inches.
b. 29.06 inches. ¢. 30.00 inches.
c. 29.20 inches. /. 30.10 inches,

65. The aneroid is at times subject to a slow change or © crevping.”
It will, therefore, have to be adjusted occasionally by comparing its
reading with a mercurial barometer or another aneroid of known
accuracy. This will be done by a meteorologist of the terminal
station, who will either visit the airways station, carrying an accurate
harometer with him for the purpose, or have the barometer shipped
in to him for adjustment. The airways observer should not attempt
to make any adjustments, but if he suspects that the baroneter read-
ings are in error he should report the fact. If for any reason, such
as settings made in accordance with instructions from supervising
stations, the needle of the aneroid is reset or changed, this fact shoulc
be included in the next report.

66. At certain stations as explained in Section XV the barometric
pressure is obtained by reading a mercurial barometer. There is no
need here to give instruction mn the use of this instrument, as at all
stations so equipped, the observers will be properly instructed in its
use by experienced Weather Bureau employees.

67. The importance of the barometric pressure is so great that
every care should be taken by all observers to read and report it
correctly.

X. FIELD CONDITIONS
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68. Field conditions when reported will immediately follow the baro-
metric pressure and should accurately describe landing conditions as
regards the field itself. It need not be reported from those stations not

~located at airports or landing fields nor while the condition of the field
ig continuingly good at stations located at airports or landing fields. 1f,
-however, the field conditions at the latter stations become unsafe or dan-
gerous, report of this is to be included in the next report and in the report
nearest 8 a. m., daily, thereafter, so long as it remains so. Upon be-
coming good again the report, ‘‘field good’’, will be included in the next
report and field conditions then omitted from subsequent reports. The
examples of reports given at the end of this section are to be disregarded
where they differ from the foregoing. Following are a few examples of
these reports: ‘

Field soft, caution advised. - Field frbzen, deep ruts.

Field muédy. Field ice covered and slippery.
Six inches new snow on fleld. Field snow covered, 3-foot drifts.
Field flooded. Field soft on south end.

69. Two inches or more of snow, slush, or ice should be reported asa
field condition from all stations, including those not located at airports
or landing fields, and in addition these latter will report the depth of
snow on the ground even when less than 2 inches.

70. Needless to say, information relative to field conditions 1s or
great value to the pilot in determining landing conditions he may
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face upon arriving at his destination. As such, the reports are quite
important and it is desired that observers ascertain through actual
observation and the questioning of pilots the true condition before
rendering reports. Ilowever, temporary obstructions on or near the
field, such as the operation of mowing machines or other machines
in connection with repair or construction work, are not to be con-
sidered true ¢ field conditions ” and should not be repeated on cach
report during the day after once having been reported. It is also
assumed that graded areas or other construction work will be prop-
erly marked, both day and night, by the parties concerned and as
required by regulations, and specific mention of this is not necessary.

XI. REMARKS

71. These will be sent as the last words of a report and will be
confined to such statements as would not properly be included under
any of the other clements. For example, the following would come
under the heading of “ Remarks ”:

“ Cloud bank in west.”

% Heavy shower half hour ago.”
“ TFog bank over river.”

“TFog thickening.”

“ Moon faintly visible.”

“ Thundering in west.”

“ Qceasional breaks in overcast.”
“ Lightning in south.”

“ Clearing in west.”

“ Sky brightening in south.”

These are of importance in amplifying the report, are very help-
ful at times in showing the trend of conditions as a whole, and should
always be reported when appropriate.

XII. SUMMARY

792. The elements comprising an airways weather report have now
been discussed in detail. However, it is believed that a summary will
be helpful in impressing the general outline on the observer’s mind.
Therefore the following generalized summary on the taking of the
observations is included :

(a) The observer will always go out-of-doors when making obser-
vations of the sky, weather, obstructions to vision, ceiling, visibility,
and remarks elements and to read the thermometers. By this means
only can an accurate and trustworthy observation be made.

(6) Observe the sky and note amount and stratification of cloudi-
ness.

¢) Observe the horizon and note the visibility.
?(Z) Note if precipitation is occurring and whether or not haze,
fog, smoke, or other obstructions to vision are present. If so, enter
them properly under “General conditions.” Enter visibility as
observed in the proper column.

(¢) Obtain the height of the ceiling by estimation or by instru-
mental means and enter under “ ceiling.”

() Read thermometer and enter temperature.
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(¢g) If station reports dew point, note the temperature of the wet
bulb after the psychrometer has been whirled.

(%) Observe whether or not anemometer cups are turning. If not,
report wind as “ calm.” If cups are turning, obtain data from indi-
cator upon going inside.

(¢) Upon returning inside, consult tables, obtain, and enter dew
point (if required).

() Read barometer and enter the ]%ressm'e as indicated.

(%) Enter field conditions as noted.

() Enter such pertinent remarks that may be necessary for a clear
understanding of the conditions.

73 Obscrvations over the entire country will be taken in accord-
ance with these instructions, and it is hoped by this method to secure
uniform reports covering the same elements from all stations. How-
ever, it is not intended that this shall be construed as a hindrance
to the observer’s initiative and alertness and thus reduce the taking
of an observation to a purely routine matter, done only as a matter
of routine. Every observation should be taken as if no other observa-
tions had been taken previously, i. e., previous observations should
not. influence the observer to report other than the condition seen
at the time. Only by this method can an accurate observation be
obtained, as weather conditions are subject to considerable fluctua-
tions over short periods.

74. Reports should not include such words as “ceiling.” “feet,”
“ visibility,” “miles,” “wind,” “ temperature,” “dew point,” and
“harometer,” as the elements are always to be reported 1n the order
given in Section I and this is understood by all stations receiving
them. These words, therefore, are not necessary to the understanding
of the report and only unduly prolong it. Ior example, a typical
observation with all words included would read as follows:

“Overcast, light rain, light fog, (ceiling) five hundred (feect),
(visibility) ome (mile), (wind) west two (miles). (temperature)
sixty eight, (dew point) sixty seven, (barometer) thirty thirty, field
good, fog lifting.”

The words in parenthesis would be understood by the receiving sta-
tion and would not need to be included. This observation then would
be sent as follows by telegraph (unless specially instructed to code
certain elements), telephone, and radio:

« Qvercast light rain light fog five hundred one west two sixty
eight sixty seven thirty thirty field good fog lifting.”

If sent by teletype, figures and abbreviations would be used, as
follows: “ Ove It rain 1t fog 500 1 W2 68 67 3030 good fog lifting.”

75. Following are a number of examples of reports. Each ex-
ample is given first as it would be sent by telegraph, telephone, or
radio, unless otherwise instructed, and second as it would be sent
by teletype:

() Clear unlimited thirty north nine zero minus three thirty zero
one field frozen deep ruts.

Clr unl 30 N9 zero minus 8 3001, field frozen deep ruts.

(b) Clear hazy unlimited four west six sixty one fifty two thirty
zero four field good.

Clr hazy unl 4 W6 61 52 3004 good.
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(¢) Clear light ground fog unlimited two south one fifty six fifty
five thirty zero  three field nrood

Clr It grnd fog unl 2 S1 56 55 3003 good.

(d) Scattered clouds dense ground fou unlimited one cighth calm
ﬁft\ nine fifty nine thirty zero four fl(‘ld zood stars \131b1e

Sctd clds dense grnd fog unl 14 calm 59 59 3004 good stars vsbh.

(e) Scattered clouds hazy unlimited five north cmht seventy sixty
two thirty zero four field mudd

Sctd clds hazy unl 5 N8 70 62 3004 field muddy.

(f) Scattered clouds unlimited ten west ten eighty one sixty five
thirty zero one field good.

Sectd clds unl 10 W10 81 65 3001 good.

(7) High broken clouds smoky unlimifed three southwest three
eighty 51\tv twenty nine ninety eight field soft on south end.

"Hi brkn clds smoky unl 3 SW3 80 60 2998 field soft on south end.

(4) DBroken clouds three thousand eight northwest twelve seventy
two sixty four thirty twelve field wet lightning in south.

Brkn clds 3 thsd 8 NW12 72 64 3012 field wet ltng in S.

(7) Broken clouds oceasional light rain hazy two thousand four
west fifteen seventy sixty six thirty even field good.

Brkn clds ocnl It rain hazy 2 thsd 4 W15 70 66 3000 good.

(7) High scattered lower broken clouds fifteen hundred cight west
twenty two sixty two fifty two thirty zero two field good.

Hi sctd lwr brkn clds 15 hnd 8 W22 62 52 3002 rrood

(#) Overcast moderate snow five hundred two northeast eight
twenty eight twenty six twenty nine eighty one three inches snow on
field occasional heay ¥ SNOW.

Ove mdt snow 5 hind 2 NE8 28 26 2981 8 inches snow on field ocnl
hvy snow.

(7) Overcast moderate freezing rain one hundred one and three
quarters northeast four thirty one thirty twenty nine seventy eight
field ice covered.

Ove mdt freezing rain 1 hnd 134 NE4 31 30 2978 ficld ice covered.

(m) Overcast heavy mist light fog two hundred one northeast two
thirty eight thirty emht twe enty nine seventy six field wet fog
Lh](kenm"

Ove hvy v mist It fog 2 hnd 1 NI&2 38 38 2976 field wet fog
thickening.

(n) Dense fog light mist zero zero northeast eight forty three
forty three tw ontv nine ninety field good no improv ement.

Dense fog It mist zero NES 43 43 9990 field good no impvt.

(0) Overeast severe thunderstorm moving eastward heavy rain
heavy hail twelve hundred one and one half west thirty seventy five
sev entv three twenty nine ninety one field ﬁoodod

Ove severe thdstin mvg eastward hvy rain hvy hail 12 hnd 114
W30 75 73 2991 field flooded.

() Scattowd clouds thick haze unlimited three quarters southwest
two cighty five sixty two twenty nine eighty cight field good.

Setd clds thick haze unl 34 S\W2 85 62 2988 frood

76. It is expected that the foregoing 0\amples of reports and the
following chart showing how tllc\ are entered on Form 1130-Aecr.
will he thmounhlv studied by all observers, for this is the best
method for lemnmfr combinations and proper usage of terms.
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CSDBL
CSDBLY
DECG

E

ENE
ESE
ELVTN
ETD
GRND
HVY

HI
HND
INCG
IMPVT
LT
LTNG
LCL
LCLY
LWRG
LWR
MDT
MTN
MVG

APPENDIX I

ABBREVIATIONS AUTHORIZED IN AIRWAYS WEATHER REPORTS SENT BY

TELETYPE

BAROMETER. ! N
BREAK. | NE
BREAKING. | NNE
BROKEN. ’ NNW
CEILING. NW

{ CLEAR. 1 OBSN

: CHANGEABLE ' OCNL
CLEARING. ove
CLOUDS. ’ OVHD
CLOUDY. RP

! CLOUDINESS. RPD

" CONDITION. RPG
CONSIDERABLE. 'S
CONSIDERABLY. | SE
DECREASING. ! SSE
EAST. SSW
EAST NORTHEAST. |SW !

. EAST SOUTHEAST. SCTD

' ELEVATION | SPL

| ESTIMATED. | SPRKG
GROUND. S¥IC |
HEAVY. . THSD
HIGH. | THDR
HUNDRED. "THDG
INCREASING. THDHD
IMPROVEMENT. | THDSTM ,
LIGHT. { THTNG
LIGHTNING. L TMP
LOCAL. ' UNL :
LOCALLY. ' VSB
LOWERING. . VSBY
LOWER. W i
MODERATE. WNW .
MOUNTAIN. WSW ‘
MOVING. | WEA

may be formed, when appropriate, by adding * 8.
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NORTH.

NORTHEAST

NORTH NORTHEAST.
NORTH NORTHWEST.
NORTHWEST.
OBSERVATION.
OCCASIONAL.
OVERCAST.
OVERHEAD.

REPORT.

* REPORTED.
 REPORTING.

SOUTH.
SOUTHEAST.
SOUTH SOUTHEAST.

i SOUTH SQUTHWEST.
. SOUTHWEST.

SCATTERED.

" SPECIAL.

SPRINKLING.

i SURFACE

THOUSAND.
THUNDER,.
THUNDERING.

i THUNDERHEAD.
\ THUNDERSTORM.
! THREATENING.

" TEMPERATURE.

UNLIMITED.

- VISIBLE.

VISIBILITY.

WEST.

WEST NORTHWEST.
WEST SOUTHWEST.
WEATHER.

Terms or words not indicated in this list are not to be abbreviated. Plurals



INSTALLATION AND OPERATION OF AIRWAYS
INSTRUMENTS

INTRODUCTION

The information and instructions given below cover the essentials
of standard installations of instrumental equipment at airways sta-
tions, and in part those at airport stations, the former being located
at sclected points along the airway between the airport stations.
Installations at airport stations are covered by special correspondence
and a circular of general information entitled “ Quarters and Instru-
mental Equipment for Weather Burean Stations at Airports”
especially required for the initial planning.

XIII. STANDARD INSTRUMENTAL EQUIPMENT

80. Airways stations.—The completeness of the equipment depends
largely upon the frequency of observations, ranging from a thermom-
oter and ancroid barometer for stations furnishing occasional ob-
servations on call to the complete outfit provided for a teletype
reporting station which requires the following:

One shelter, airways, with thermometer support.

One exposed thermometer.

One ancroid barometer.

One one-sixtieth mile anemometer, complete with cups and wrench.  (Special
oils, one for summer and one for winter use, are required for use with
the ancmometer.)

One support, wind instrument, 12-foot, for erection on roof of building;
complete with cross arm for anemometer.

One contacting’ wind-vane bearing.

One 3-foot metal wind vane.

One indicator, wind direction and velocity.

One projector, ceiling light,

One clinometer.

81. When an airways station is located where a Department of
Commerce beacon-light tower is available, separate supports for
wind vane and anemometer for mounting on the tower platform are
substituted for the above-listed 12-foot support, and no cross arm
for the anemometer is used.

82. Ior airways stations not reporting for the teletype, the equip-
ment is simplified by the omission of the contacting bearing, and
also the wind vane and tower support therefor for a tower exposure,
and a wind-velocity indicator is substituted for the combined wind-
direction and velocity indicator. .

83 Airport stations—At airport stations a large-sized standard
shelter with steel support is substituted for the alrways shelter, or
very occasionally a cotton-region shelter is employed. The large
shelter is required when a whirling apparatus for wet and dry bulb
thermometers is used. For the wind instruments a standard 18-

37
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foot pipe support is customary, usually equipped with a 4-foot vane,
a Fergusson wind-vane bearing and old-style direction contacts in
a cast-iron contact box ; otherwise the contacting wind-vane bearing
is used instead.

84. Additional equipment to that provided for an airways station
includes a mercurial barometer with a board for mounting, a baro-
eoraph, and less frequently a telethermoscope.

XIV. WIND INSTRUMENTS

85. Luwposure—Wind instruments
will be exposed where a free move-
ment of the wind occurs, obstructed
as little as possible by near-by struc-
tures or objects. This is obtained by
elevating the vane or anemometer by
means of vertical pipe supports,
usually mounted on buildings or
towers. The instruments must be
readily accessible for cleaning, oiling,
and occasional adjustments.

86. Wind-instrument supports.—
Two types of supports are standard
for airways weather stations: (1) A
T-foot support of I-inch pipe for
either the anemometer or the contact-
ing wind vane used on airways bea-
con-light towers; and (2) a 12-foot
support of 114-inch pipe for wind
rane and anemometer for roof in-
stallation,

87. Tower support for anemometer
or wind vane—The tower support,
Itigure 14, for aneniometer or wind
vane consists essentially of a 1-inch
pipe screwed into a railing Dbase
Tt i —Beaton gt “fower and fastened to a corner of tho; square

anemometer and wind vane mounted wooden or iron g ':Ltlng platiorms of

et e tfons b ooex PPOT®  the tower. A 1-inch by 4-inch cou-

pling surmounts the upper end of the

pipe, 6 feet 9 inches high, into which coupling a brass anemometer

pin or the wind-vane bearing is screwed, the former fitting the recess
in the base of the anemometer casing.

88. When one support for the anemometer only is required, it
should be placed over a tower corner nearest the point from which
the prevailing winds come. When both anemometer and contacting
wind vane are needed, the pipe supports should be located at
diagonally opposite corners of the platform if possible, the line of
centers of the supports approximately normal to the prevailing
wind direction. When submitting requisitions for supports, state
ho kmd of platform with which the tower is equipped.

As shown in Figure 15, the 1-inch pipe of the support is
:|11(-1101ed to the tower handr ‘uhnp by an 18-inch angle iron, the pipe
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attached to the angle iron by two hook bolts and a pipe strap, and

the angle iron held in turn to the handrailing by two similar hook
bolts.

£ HoOK BOLTS, A

v xd ANGCLE, B
G A /F AF £\

77 PIRPE SUFPPORT
E-9LONG FOR

ANEMOMETLESR OR
WIND — VANE

STRAP IRON, €

DEPT. OF COMMERCE TOWER RAILING
12X 15 XA ANGLE

ONE SET OF FITTINGS INCLUDES # /7OOH
BOLTS, A, ONE ANCLE, B, NI ONE STRAA €.

I'IoURE 15.—Clamp to hold anemometer or wind-vane support to railing of beacon-
light tower

90. Twelve-foot wind-instrument support.—The 12-foot support,
Figure 16, is intended for erection on the roof of the building, the
combined height of building and support being sufficient usually to
give the anemometer a reasonably free exposure.

91. While the support will be so installed as to secure a good ex-
Josure of the wind instruments, at the same time ample safety must
{)e provided for the man who will have to climb it in all kinds of
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weather. This safety is accomplished almost entirely by the secure
attachment of the guy-rod footings to the roof. Three 8-inch eye
bolts, each with nut and washer, also three foot plates, are provided
with each support, one bolt or plate for each footing, the bolts to be
used where access can be had to the underside of the roof. Other-
wise the shoes are required and fastened to the roof with lag screws,
one shoe for each of the three guy rods.

92. The base plate and shoes should be placed if practicable over
the roof rafters. If this can not be done, or the roof is of unusually
light construction, 2-inch
wooden blocks or short planks
should first be screwed to the
roof, the shoes being attached
to the blocks. Roof cement
placed under the timbers or

! other member attached to the

i roof will prevent leakage.

e | Give the support a coat of
g ’ : paint after erection.

93. Kighteen-foot awind-in-
strument swpport—This sup-
port illustrated in Figure 17,
1s of the same general con-
struction as the 12-foot sup-
port but more strongly built,
2-inch pipe being used instead
of 114-inch. The contact box
near the base contains the
wind-direction contacts the
rotor of which is connected by
an inside pipe to the wind-vane
axis above. Ior further de-
tails consult Circular D, In-
strument Division.

94. A less costly assembly,
for identification called a 17-
piguLs 16._fwelre ot windinstrument s, foot, support, is used when a

alidade to right and left of center of picture (:Ollt‘d(:trlllg wind-vane 1)&:11'111g‘

is employed instead of the old-
style cam-collar contacts. In this case the contact box and Fergusson
bearing with inside pipe are omitted, and the contacting bearing
screws into a reducing coupling at the top of the support.

95. Anemometers—The anemometer consists essentially of a cup
wheel rotated by the wind, rigidly attached to a vertical axis turning
in bearings. Suitable gearing communicates the motion of wheel
and spindle to dials graduated in miles and tenths, approximately
640 turns of the cups corresponding to a movement of 1 mile of wind
past the instrument. '

96. Referring to Figure 18A the cup wheel (1) is made of four
hemispherical cups of duralumin or copper mounted on steel arms.
The wheel is attached by a set screw (2) to a steel spindle within the
casing having a plain bearing at the upper end and a step bearing
at the bottom. A steel worm on the spindle transmits motion to the
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wheel (3) (see fig. 18B) on the axis of which is a second worm
meshing with the pinion (4) which turns the two dial wheels (5),
the outer one of which has 100 teeth and the inner 99, so that for
each revolution of the former, the inner wheel moves one oradation,
equivalent to an indicated wind movement of 10 miles. The inner
dial therefore gives the reading to tens of miles as referred to the
zoro of the outer dial, and the latter gives the additional miles and
tenths by reference to the index at (6). For operation of the elec-
trical indicator, pins set into the side of wheel (3) close the circuit
at spring (7).

TiGure 17.—Righteen-foot wind-vane and anemometer support mounted on platform on
roof of obseravatory together with large-sized shelter on 5-foot steel support and
theodolite for pilot-balloon observations

97. Wind vanes—The vane used, Figure 19, consists of a plate
of metal forming a tail attached to one side of a vertical axis free
to rotate in response to changes in wind direction. The windward
part of the vane is formed of an arrow-tipped rod which points
ihto the wind and also serves to counterweight the tail. The spindle
is a steel rod about 2 feet long, the lower end turning in a pivot
bearing. The bearing proper for the contacting wind-vane assembly
and that for a vane used without contacts, are alike.

98. Contacting wind-vane bearing.—As shown in both Ifigures 19
and 20, the device consists of the following parts: One wind-vane
pearing made of half-inch pipe, with keyway bushing to form the top
bearing and a pivot support to form the lower bearing; one wind-
vane axis with a special cam-equipped weather housing rigidly at-
tached; one set of insulated contact springs spaced 90° apart on a
collar that fits over the half-inch pipe; one wind vane; one wind-
vane clamping nut.

99. Installation—To set up the device for use, first erect the half-
inch pipe bearing firm and vertical in the desired location. Then
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fill the bearing about half full of light automobile oil, the contents
of the bottle of oil sent out with the bearing. Next slip the contact
spring assembly over the pipe and temporarily clamp it, springs up-
ward and lower edge of brass collar between the two rings that will
be found on the pipe 2}# and 3 inches respectively below the
top. (These rings mark safe working limits and provide for longer

2

Frcure 18.—Tour-cup one-sixtieth mile anemometer, “A’” showing complete instrument ;
“ B anemometer with dials removed

life by occasional change of position.) Now insert the axis, being
careful to rotate it slowly so as to feel the key in the axis through the
keyway in the top bearing. This key arrangement permits with-
drawal in one and only one position. Next put on the vane with
due regard to provisions made for insuring its position relative to
its axis, generally a pin extending into a hole in the brass housing
of the axis.
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100. Orientation requires that the vane be tied or otherwise tem-
porarily secured in a true north direction. The contact spring
assembly is then rotated until one of the springs, no matter which
one, comes evenly spaced opposite a notch in the housing which in-
dicates the mid-position of the contact cam. This contact spring now
becomes the north one, and should have the north wire attached.
The other three wires are then clamped to the corresponding bind-
ing posts, which are sufliciently identified by their positions. The
common or battery wire is to be well grounded to the upright metal
support by fastening with screw to brass ring. As in all electrical
installations it pays to take time to connect terminals carefully with

Trcurn 19.—Three-foot metal wind vane with contacting bearing

well-formed loops under the binding nuts. The resulting indications
chould of course be varified by two observers, one holding the vane
in its positions, the other observing the indications in the office.
There is also a sleet shield which should be temporarily removed,
then replaced after all connections have been made.

101. Indicators for use in making observations of the wind are
of two principal kinds: One for wind velocity, the other for both
the direction and velocity.

102. Velocity indicators, Figure 21, are usually comprised simply
of a board 8 by 10% inches on which are mounted a bell-ringing
transformer, the secondary of which is wired in series with a switch,
a 95-ohm rheostat, a buzzer, and two binding posts to which the
anemometer leads are connected as shown under “ Wiring ? below.
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One form required where alternating lighting current is not avail-
able utilizes a buzzer and push-button switch wired in series with a

I'tcunre 20.—Contacting wind-vane
bearing with shield removed

2-cell dry battery placed within the
box, forming a part of the indicator.

103. 7'he wind-direction and velocity
indicator, Figure 22, so far as the
velocity part 1s concerned, is similar to
the above, but for the indication of
direction four 6-8-volt automobile-
type lamps are added, mounted in
the form of a square, so that when the
board is attached to a wall, the lamps
are at the cardinal points, i. e., north
at the top, east at the right hand,
etc. The 25-ohm rheostats are em-
ployed to adjust the current from the
transformer secondary connected to
the anemometer and wind-vane cir-
cuits so as to give positive operation
of the buzzer but with only enough
current to light two of the lamps to a
moderate brightness. By thus dimin-
ishing the current flow the anemometer
contacts are protected from injurious
sparking.

104. Wiring.—The anemometers are
all of the electrical-indicating one-
sixtieth-mile type; the wind vanes
either indicating or nonindicating.

105. When using either type of indi-
cator, wire from the two velocity-indi-
cator binding posts to the anemometer,
employing cable with No. 16 conductor
wires, lead or braid-covered as desired.
Two-conductor lead-covered cable is
often desirable for more or less per-
manent installations, especially on the
towers. This is essential when the cir-
cuit from the tower is to be buried
underground ; otherwise use the braid-
covered cable. The outdoor terminals
of the circuit will be firmly secured
to the left-hand binding posts of the
anemometer (observer facing the
dials) ; one terminal to the large post
near the base of the casing, the other
to the nickelled post at the back of
the dial case.

106. As shown in the circuit diagram, Figure 23, the combined
direction and welocity indicator requires one wire to each of the
direction contacts in addition to the anemometer connections, the
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transformer lead to the support, or battery when used, being com-
mon to both anemometer and direction circuits. Seven-conductor
lead or braid-covered cable is issued for the wiring of this indicator.

107. The transformer-operated indicator requires connection in
addition to the alternating-current lighting circuit, usually 110 volts.
This connection is neatly made with No. 14 lamp cord, although

Ficure 21.— Wind-veloeity indicater, trausformer type

other forms of conductor will do. The connection will be as short
as practicable, and the light socket or other outlet or switch so
placed as to be convenient to switch the current on or off. A switch
is also placed in the transformer secondary circuit. A location on
or over a desk is desirable. To operate, it is only necessary to turn
on the lighting current, close the switch on the indicator, and the
buzzer is then free to respond to the circuit closures through the
anemometer, as many times per minute as the wind is blowing miles

S1886—32 4
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per hour, and one or two of the direction lamps are lighted, when
used, giving directions of the wind to eight points.
108. Batte1y operated anemometer indicators are similarly em-

Ficure 22.—Wind-velocity and direction indicator

ployed excepting that a push button switch on the indicator is used
to close the circuit.
109. Should the lighting current fail when an observation is re-
uired, two dry cells may be substituted temporarily for the trans-
ormer secondary of the velocity indicator, or four cells for the direc-
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tion and velocity indicator. The alternative is to estimate velocity
and direction of the wind, employing the Beaufort scale in connection
with the former.
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FiGure 23.—Diagram of circuits for electrical conncction of wind instruments and
indicator at airways station

110. A weather-proofed metal strap called Wraplock furnished
on stores requisition is usually employed to attach the cable to a
tower or other object. )

111. The wiring of ceiling-light projectors is given below in con-
nection with the installation and usc of the projectors.
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XV. PRESSURE-MEASURING INSTRUMENTS

112. All airport stations and mnearly all airways stations ave
equipped with ruggedly constructed aneroid barometers of the type
described below.

118. Aneroid barometers—Referring to Figure 24, the essential
feature of an aneroid is a metallic box of cell, (1) corrugated in order
to malke it flexible, and exhausted of air. This cell tends to collapse
under the pressure of the air, but a strong steel spring (2) balances
the air pressure and prevents such collapse. As the pressure of the
air chanoes, the upper or free surface of the cell contracts or expands
slightly, and this small movement is magnified and transmitted to
the hand (3) through a train of links (4) and a fine chain (5); the

TIGURE 24.—Aneroid barometer with dials removed to show details of
mechanism

effects of temperature arve compensated by means of a bimetallic
link (6) made of brass and steel, the flexure of the link being such as
to nearly offset the temperature effect on the spring and cell and
connected linkage.

114. Ewposure of aneroids—Suspend the barometer indoors from
a cup hoolk screwed into the wall or woodwork where it will not be
subject to extremes of heat or cold, or rapid changes in temperature,
and where it will not be unduly jarred. The back of the instrument
should rest flat against the vertical surface.

115. Mercurial barometers—With rare exceptions mercurial ba-
rometers are used only at airport stations where they are mainly re-
quired as a standard of reference for aneroids, the latter instruments
being employed for most of the current observations. Weather Bu-
reau officials should be thoroughly familiar with the information re-
garding their construction, exposure, installation, and use given in
great detail in Circular F, Instrument Division, “ Barometers and
the measurement of atmospheric pressure.”
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116. Briefly stated, mercurial barometers should be Jocated where
they are not unduly subject to vibration, to extremes of heat or cold
and where the sun will not strike them, but at the same time the
Darometer should be well illuminated by both artificial and natural
light.

117. Barographs, which give a continuous record of atmospheric
pressure, are employed only at airport stations. Ifor a description
see Circular F.

XVI. TEMPERATURE-MEASURING INSTRUMENTS

118. Exposure.—.\ thermometer, telethermoscope, or other instru-
ment for measuring temperature should have free exposure to the
outdoor air, and at the same time be shielded from the direct or
reflected rays of the sun, and be free from the effects of artificial
heat. This is accomplished by placing the instrument in a specially
constructed shelter through which the aiv can freely circulate, erected
as described and illustrated below.

119. Instrument shelters—Yor airways stations where a single
mercurial thermometer is generally used, the thermometer is placed
within a small shelter erected as illustrated in Figure 25. The
shelter is mounted over the ground, preferably sod covered. on a 4
by 4 inch post 8 feet long, the post fastened to the shelter by means of
two f5-inch carriage bolts. The post should be cedar or cypress
when possible, or protected against decay in the ground by creosot-
ing the lower 3 feet. Creosoted fence posts may also be used to ad-
vantage at times. After installation the post will be given two coats
of white lead paint, and if the shelter needs it. a single coat.

120. For airport stations, either a large-sized standard shelter
with 5 or 10 foot steel support or a cotton-region shelter with wooden
support is furnished. The large shelter costs nearly five times as
much installed as the smaller, and a letter of explanation should ac-
company a requisition for the same. 1t is needed where a whirling
apparatus is employed for psychrometric readings, ov for housing
hygrographs or hygrothermographs. For further information re-
garding the large shelter see * Quarters and Instrumental Equipment
for Stations at Airports.” See Figure 17, large shelter and 5-foot
steel support. .

121. Shelters should be placed with the door facing approximately
toward the north.

122. Thermometers, furnished for airways work, are mercury-in-
elass instruments, or those filled with red spirits, which are exposed
vertically with the bulb end down usually by attachment to the brass
support furnished with each shelter. The support is fastened to an
upright wooden post near the center of the shelter. (Sce fig. 251.)

123. Where temperatures below about —38° F.. the freezing point
of mercury, oceur with some frequency, minimum thermometers
which are alcohol filled. are substituted for the mercury thermom-
eters during the period of low temperatures.

124. Psychrometers—Whirled wet and dry bulb psychrometers
are used for humidity observations to determine the temperature of
the dew point. Two kinds are employed, one the sling psychrom-
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eter, Figure 26, the other with the two accurate mercury-in-

glass thermometers as shown in Figure 27, mounted on a whirling

apparatus. The thermometers of the latter are attached to counter-

balanced arms, the bulbs of which are pinned to a spindle carrying

a cast-iron pinion, meshing with a bevel gear turned by the attached

crank shaft. The whirling apparatus is securely screwed to the
'

‘“B” shelter and mounting complete

FIGURE 25.—Airways instrument shelter, “A"” with door opened to show thermometer and mounting;

floor of a large instrument shelter with the crank shaft projecting
through the front of the shelter.

125. The wet bulb of each kind of psychrometer and a short length
of the stem above the bulb are covered with fine, loosely woven
muslin carefully washed to remove the sizing. Pure, clean water is
used for wetting, and the muslin must be replaced whenever it be-
comes at all dirty ; otherwise the readings will be incorrect and prac-
tically valueless for the fog forecast.
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1926. To obtain thoroughly accurate readings with the sling psy-
chrometer, the instrument should be whirled in the shade, and the
observer face the wind so as to avoid temperature effects due to the
heat of the body.

127. When either type of psychrometer is used, the single exposed

thermometer may be dispensed with.

Fieure 26.—Sling psychrometer

198. Telethermoscopes, illustrated in Figure 28, are employed
quite often at airport stations where frequent temperature observa-
tions are necessary. This is an electrical resistance thermometer,
the temperature of the free air in the shelter housing the ther-
mometer bulb being shown by the indicator located in the office
indoors. The bulb consists of a coil of nearly pure nickel wire,
having a resistance of 100 ohms at ordinary temperatures, sealed
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Figurn 27 —Whirling apparatus for wet and dry bulb
psychrometer
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with paraffin into a nickel-plated brass tube. The coil is connected
through a 3-wire circuit with the indicator, the changes of tempera-
ture corresponding to changes in resistance of the thermal element
being shown on the indicator scale. Detailed information regarding
the installation and use of telethermoscopes will be found in a sepa-
rate pamphlet obtained from the Weather Bureau Instrument
Division.

IMaure 28, —Telethermoscope

XVII. EQUIPMENT FOR MEASURING THE HEIGHT OF
CEILING

129. For accurate determinations of the height of ceiling so im-
portant for safe flying, ceiling-light projectors, a form of electric
searchlight, are employed at night to throw a spot of light on the
underside of the cloud layer. Day time observations are made with
ceiling balloons as described below. The projector is usually located
at a distance of 500 feet from the point of 0bsqrvution of thp Light
spot, although it is occasionally of advantage to increase the distance
to 1,000 feet or more. Inowing this fixed distance, 1t 1s only neces-
sary to measure the angular elevation of the spot of light from the
observing point to compute the height of the light spot or the ceiling.



54 INSTRUCTIONS FOR AIRWAYS OBSERVERS

"This is almost always accomplished by means of either a clinometer
or an alidade, although in the absence of the instrument, the height
is found by pacing off the distance from the projector to the point
on the groung underneath the light spot in the zenith, the light beam
from the projector being directed at either an angle of 45° or 63° 26’
with the horizontal. For a 45° elevation the distance is equal to
height of ceiling; for a 63° 26" angle, the height is twice the distance
vaced.

: 130. The arrangement of the projector and the angle-measuring
device is shown diagrammatically in Figure 29.
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Fieurb 29.—Diagram showing relation of projector and angle-measuring device

181. Ceiling-light projector—Referring to Figure 30, the projector
drum is made of an aluminum alloy mounted on a pedestal with
trunions which permit of the accurate elevation of the beam from
45° to the vertical, which latter elevation is especially required when
the beam must penetrate smoky or hazy atmosphere, such as found
near the large cities.

132. The projectors are usually about 14 to 16 inches in diameter,
and the condensed-filament electric lamps employed are almost al-
ways 250 watts for use in level, smoke-free locations, but 500 and
1,000 watt lamps are needed in some cases in or near large cities.

. 183. Progector la'm,%) adjustments.—The filament of the lamp is ad-
justed to the focus of the lens by sighting through peepholes drilled
in the side of the projector drum, which, when aligned with a marlk
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on the opposite side, causes the line of sight to pass through the
focus. The filament of the lamp, when brought into the line of sight,
will be in focus. A desirable method also is to direct the light beam
horizontally on to a vertical white screen about 42 feet distant from
the projector and adjust the lamp to the focal center of lens, deter-

Froure 30.—Ceiling-light projector and mounting

mined by securing a sharply defined and rounded light spot on the
screen. Lamps of other wattages than 250 are purchased by the
central office when requested by the supervising Weather Bureau office.
See that the lamp provided is of voltage to suit the current, which
voltage should be measured at the projector lamp socket when practi-
cable; otherwise the socket voltage is estimated by subtracting from
the service voltage 0.8 of a volt per 100 feet of distance of the pro-
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jector from service, thus allowing roughly for line drop in potential.
Spotlight lamps, 250-watt, G 30, are available on stores requisition
for 105, 110, 115, 120, and 125 volt current.

134. Installation of projector.—The installation and wiring of
projectors are the subject of special correspondence and instructions,
and mimeographed copies of “ General specifications for installing
ceiling-light projectors,” are used in that connection. Briefly the
job includes the mounting of the projector on a special 4-inch pipe
support, and wiring thereto from the electric service, usually by
duplex parkway No. 10 cable laid underground most of the 500 feet
from a switch placed conveniently to the point of observation. When

I'icure 31.—Clinometer for measuring height of ceiling

an alidade is used instead of a clinometer, additional work is required
1o invunt the same, and the switch controlling the projector circuit
is attached to the support.

135. Clinometers, as illustrated in Figure 31, are employed to
measure the angular elevation from 0° to 90° of a spot of light pro-
jected on a cloud at night. The sighting tube is nearly 3 inches
in diameter at its outer end in order that not only the light spot
on the cloud but a portion of the surrounding dark sky as well may
be included in the field of view for contrast. A pair of cross wires
aid the eyes in centering on the light spot. A quadrant with scale
zero to 90° in whole degree graduations is rigidly attached to the
underside of the tube, and a pendant is pivoted on a horizontal axis
in a way to permit it to hang vertically of its own weight when the
tube is sighted on an object. The zero line on the pendant matches
the zero line on the quadrant when the tube is sighted on an object
at the same level, and matches the 90° line on the quadrant when
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it is sighted to the zenith. A clutch, operated Ly turning a milled-
head screw with the left hand, clamps the pendant in position when a
sight is made. This clutch operates easily and positively with only
slight pressure.  Observers should practice until famihar with its
action. Reasonable care should be exercised not to use too much
force. Readings to the nearest whole degree are sufficient.

136. Use of clinometer—When this device is used the projector
will usually be adjusted to direct the light to the zenith.  The
horizontal distance from the point at which the observer stands to
the projector is known as the base line. Tt has been established on a
length of 500 feet at many stations. The base line multiplied by the
tangent of the angle of elevation of the spot of light as measured by
the clinometer cquals the height of the cloud or ceiling. It is not
necessary that the projector be at the same level as the observer, a
feature which is likely to be an advantage in some installations where
for example it is expedient to place the projector on the roof of a
building or on ground higher or lower than the position occupied by
the observer. Furthermore, it is not at all necessary that the base
line be exactly 500 feet, and therefore advantage may be taken of
local circumstances favorable to a longer base; it also becomes a
simple matter to establish more than one observation point.

137. Choice of a base line—The clinometer is graduated to whole
degrees, and errors of one degree or possibly two degrees are con-
sidered likely. Now, if in the accompanying table the column of
heights for a 500-foot base be examined, it will be seen that the
change in height per degree increases rapidly above the 60° part
of the table. ’if, for example, it is desired to measure a cloud 1,800
feet high, the two degrees of uncertainty in the instrument will
result in a corresponding uncertainty in the height of 230 feet for a
500-foot base line, 150 %eet for a 1,000-foot base line, and 130 fect
for a 1,500-foot basc line.

138. From this it is apparent that since the accuracy of the angular
measurement is fixed by the limits of the instrument, the accuracy
of the height determination may be increased by choosing a longer
base line. However, practical considerations set rather definite
limits. It is not ordinarily wise to run an electric line farther than
500 feet because of the cost, and also because there is an 1mportant
drop in voltage on such _extensions, sometimes not recognized in the
selection of the lamp. Since 500-foot electric extensions are already
installed at a large number of stations, 500 feet has been retained as
the standard base line. At the same time a second observation point
should be established by careful measurement 1,000 feet distant
horizontally from the projector, and the spot marked for identifi-
cation. The observer will walk to the 1,000-foot station when the
clouds are found to be at a high angle.

139. A 1,500-foot column has been included in the tables below
for the use of a special station located in a valley near high moun-
tains. where the determination of clearance above the mountain
justifies the employment of unusual measures. However, it is be-
lieved that frequent occasions will arise at other stations for the use
of a 1,500-foot base line, and an observation point is easily
established.
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TABLE 4.—Icight of cloud or cciling, fect, light beam projected vertically
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Z\'O}n-:.—’l‘ublas are also available on request for a light beam directed at an angle of 63° 26’ to the hori-
zontal.

140. The alidade, Figure 32, is set up permanently at a distance of
500 feet from the projector, at some place convenient for an observ-
ing spot. It consists of a bronze quadrant (1) with the readings
of ceiling heights to feet engraved therecon. The quadrant is fas-
tened to the cap of a 4-inch pipe standard (2) set in concrete. A
universal joint permits of leveling. Marked triangular sights (3)
attached to a movable limb are used for sighting the light spot on
the clouds. To adjust the alidade, set the pointer at zero feet on
the quadrant and sight on the ceiling-light projector, making the
required adjustment by means of the screws in the universal joint.

141. Ceiling balloons—Ceiling balloons are to be used to deter-
mine the height of clouds above the ground when the sky is com-
i‘)letely overcast and their height is estimated to be less than 1,500
eet.
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142. Ordinarily, one such observation every two hours will suftice
for airways observations.

143. These balloons will be inflated with hydrogen gas to a free
lift of 40 grams, in accordance with instructions contained herein.

144, They will be released at the scheduled time. Accurate ceil-
ing information is highly essential for safe flying when ceiling
heights are 500 feet or less.

145. The average rate of ascent of the balloons is 6 feet per sec-
ond after the first 114 minutes. A table is contained herein which
gives the corresponding
heights up to 3,010 feet
(8 minutes). To obtain
altitudes above 3,010
fect, multiply the num-
ber of second}; past eight
minutes by 6 and add to
3,010.

146. The balloons and
hydrogen are relatively
expensive and should,
therefore, be used with
discretion.

147. Equépment.—The
equipment necessary for
this” work consists of:
(1) Compressed hydro-
gen gas in cylinders usu-
ally containing 200 cubic
feet furnished by the
supervising Weather Bu-
reau Airport Station;
(2) hydrogen regulator;
(3) Brady free-lift de-
vice; (4) timepiece, indi-
cating scconds.

148. The above equip-
ment (except the time-

E;’ect(il)e \z\lfl(ia(g?elfu]?:l;sé:ﬁ? Ficure 82.—Alidade for measuring heigbt of ceiling

149. Color of balloons—The balloons are usually furnished in two
colors, red and purple. In general, the darker color is best seen
against a dark background.

150. Inflation of balloons.—A specially made booth should be con-
structed at & convenient place near the airways watch house. This
booth should contain a rack for three hydrogen tanks and a shelf
for inflating the balloon. The tank is f?i’tted with a valve; also a
reducing valve (or regulator) having two gages, one registering the
amount of pressure in the tank and the other the working pressure
or pressure of the gas flowing into the balloon. A low-pressure
valve on the regulator regulates the flow of gas. A ¥4-inch rubber
tube leads from the regulator to a 3-way pet cock. A small 35-inch
rubber tube leads to the Brady free-lift device. (Sce fig. 33.)
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151. The Brady free-lift is placed on a shelf large enough to per-
mit the small rubber tubing to rest thereon.

152. The balloon is attached to the nozzle by means of two No. 17
rubber bands. This is accomplished by doubling two bands and
placing them around the neck of the balloon after it is stretched
over the nozzle of the device. All the air is expelled by opening the
3-way pet cock and rolling the balloon to force the air out through
the pet cock. The inflation is then begun by slowly turning the
regulator handle to the right until a steady flow is maintained. The
balloons should be inflated at such a rate that at least one minute is
required for operation. The balloon is inflated until the device is
just lifted from the supporting surface. When removing the balloon
from the device, the neck should be twisted several times and secured
by means of the two No. 17 rubber bands used to hold balloon on
nozzle. The rubber bands are slipped over the twisted portion of
the neck and tightly wrapped by a series of alternating half twists
and loopings, accompanied by a firm tension to insure a tight joint.
Cord or tape should not be used for tying neck of balloons.

153. Observalions—The inflated balloon should be carried to =
point free from obstructions, such as houses, streets, etc. The balloon
should be released on an even minute. Do not take the eyes from
the balloon during its ascent and note (the time) the instant the
balloon enters the clouds. The interval of time between the releasing
of the balloon and its disappearance in the clouds should be accu-
rately determined.

154. The following table, which has been divided into one-half
minute intervals, is given for use in ascertaining the altitude of the
clouds; fractional parts of a minute should be determined by inter-

polation :

I e e S Tl s Bkt
Time interval % | 1 [ 134 ] 2 2% ‘ 3 i 34 ' 4
- e e i R R, .
Altitude (feet) oo momm e 250 l 480 | 670 , 850 | 1,030 ! 1,210 | 1,380 ' 1, 570
: 7 7
T'ime interval | 4% l 5 i 54 6 l 64 + 7 % ‘ 8
i Y N,
e — - — - - ———— e —
Altitude (feet)._ .. [ l 1,750 1,930 l 2,110 | 2,200 | 2,470 i 2,050 | 2,830 | 3,010

155. Average rate for higher ceilings, 6 feet per second.

156. The height of the ceiling should be written 1n the column on
Form 1130~Aer. under ceiling.

157. Danger of explosions—1It is a well-known fact that hydrogen
and air when mixed in the proper proportion make a very explosive
mixture. Therefore, the following instructions should be rigidly
followed : ) )

158. Smoking should be prohibited at all times in or near the
balloon shelter or room where the balloons are being filled or where
hydrogen is stored. . L

159. Whenever a balloon, during the process of inflation, is found
to be leaking it should be detached at once from the filling apparatus,
taken outside and exhausted of hydrogen in the open air.

81886—32——b5
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160. In case a balloon bursts or leaks while being filled, the doors
and windows of the shelter, or room used for the purpose, should be
opened in order that all of the hydrogen may be driven out by the
wind.

161. A sign, somewhat as follows, DANGER—NO SMOKING
should be posted in a conspicuous place where the ceiling balloons
are inﬂate(f

162. Care of balloons.—The balloons will deteriorate very rapidly,
especially in the summer months, and they should be kept in a cool
place of more or less even temperature.

163. Supplies of hydrogen and balloons—Whenever the observer
opens the last full cylinder of hydrogen, he will notify by teletype the
airways observer of the supervising station, as follows: “ Last hydro-
gen cylinder tapped; send cylinders.” When the full cylinders
arrive, the empties should be returned, by freight, with Government
bills of lading, which will be sent by the supervising station upon
receipt of notification that the last cylinder has been tapped.

164. When the last carton of 36 balloons is opered, advise the
issuing station by teletype to that effect and a new supply will be
sent by mail.

165. Cloud forms—Some clouds are smooth based and a balloon
rising to them disappears abruptly when it enters their base. Other
types have billowy and broken bases and when a balloon enters the
base at one of the lower points of these billows it represents the
ceiling more accurately than when it enters into a hollow or higher
place in the cloud.

166. Sometimes balloons drift into definite openings between the
clouds and disappear. These disappearances do not indicate the
ceiling height. If this happens, or any doubt as to the measurements
is felt, another balloon should be released. The lowest of the two or
more readings will be reported as the ceiling.

167. Caution.—When rain, of greater intensity than a mist or
sprinkle is falling, ceiling balloons should not be released as their
ascensional rate under such conditions is inaccurate.

Nore~—The above text on ceiling balloons is a copy in full of the card of
instructions issued by the aerological division, May 24, 1930.

XVIIL. PILOT-BALLOON OBSERVATIONS AND
EQUIPMENT

168. Pilot balloons are employed at airport stations to obtain relia-
ble information of both the velocity and direction of the wind at
flying altitudes. They also serve to give height of ceiling. These
balloons, made of pure rubber, are inflated with hydrogen just before
use, to a diameter of about 30 inches to give an ascensional rate of
nearly 600 feet per minute. After being released from the ground,
or from the roof of a building, as may be most convenient, tﬁe path
of the balloon is carefully followed, usually by means of a single
theodolite, and its position observed each minute until the balloon
bursts, or it passes from sight. The theodolite observations give
the angular position of the balloon, and the altitude is known from
the ascensional rate. These data are usually plotted immediately, the
observer at the theodolite being in telephone communication with
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another observer located in the office at a plotting board, so that the
v1vi1nd direction and velocity at the several altitudes are found without
delay.

16%. For night observations the balloon is made visible by at-
taching to it a_small paper lantern lighted by a paraffin candle or a
small electric light.

170. Details regarding the installation and use of the equipment
required will be found in Circular O, Aerological Division and in
“Quarters and Instrumental Equipment for Weather Bureau Sta-
tions at Airports,” the latter giving information about the theodolite
pfl{?.tform with windbreak, and the wiring to the same from the
office.

XIX. PRECIPITATION MEASUREMENT

171. Precipitation gages are not issued to airways stations as regu-
lar equipment. In their absence it is possible, however, to measure
both the depth of newly fallen snow and the total depth on the
%round, having in mind the reporting of the condition of the field

or landing and taking off of planes.

172. Observers will, therefore, measure the depth of snow on the
field at several points, usiug any stick graduated in inches to deter-
mine the average depth. Enter the measured depth on the ground
under “ Remarks” in the report form, and add to the last words of
the message, for new snow of any depth. If the depth is 2 inches
or more report with each observation. To measure snow which has
fallen on a field already snow covered, the same method applies in
general, except that the depth must be measured from a surface which
was practically free of snow at the beginning of the storm or when
the previous observation was taken. The difference of density and
lcolor of new and old snow quite often permits of separating the two
ayers.

XX. CARE OF INSTRUMENTS

178. Anemometer—The upper and lower bearings of the spindle
must be oiled once a week. The upper bearing is oiled by removing
the cups, and the lower bearing and the spindle worm through the
orifice in the back of the anemometer casing, which must at all other
times be kept closed to prevent dust and water from entering. A
drop of oil, such as will adhere to a match, applied ence or twice, is
in most cases sufficient.

174. About once a month the anemometer should be removed from
the support and cleaned. Take the anemometer apart, and clean out
all old oil and dirt by washing the parts in benzine or gasoline. Then
wipe with a clean cotton cloth free from lint or any dirt, allow the
parts to thoroughly dry, reassemble the instrument and renew the oil
on all the bearings, placing a slight quantity also on the gears, worms
and wormwheels, and on the inclined face of the projection engaging
the contact spring. Apply only a small quantity of oil to each
bearing, using a pointed match or toothpick. Only the special oil
provided should be used, two kinds of which are 1ssued with each
anemometer, one for use in warm iweather, the other in cold. The
former becomes thicle at about 25° F., the latter at about 0° F., so
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that the use of cold-weather oil should begin in the fall when the
temperature is likely to go below 25° for a considerable period. No
oil is provided for extremely low temperatures.

175. Wind vane—The wind vanes, either with or without the con-

stacts, have a pivot bearing at the bottom end of a vertical axis which

turns in a recess made in a 14-inch pipe plug at the lower end of a
14-inch pipe. Reoiling is required at intervals of about six months.
This is accomplished by removing the wind-vane assembly from the
support, then drawing the wind-vane axis made of 34-inch steel rod,
out of the inclosing T4-inch pipe, thoroughly washing out the pipe
with gasoline, draining and drying and then reoiling with about a
teaspoonful of light engine oil. Iach bearing first sent out for
installation is accompanied by a bottle containing just enough oil to
lubricate the bearing.

176. Contacting wind-vane bearings—Cave will be used to keep
the lubricating oil away from the contact springs or the upper cam,
for in cold weather such oil acts as an insulator and will prevent the
current flow. If oil should accidentally be spilled on the contacting
members, it should be washed off with gasoline.

177. Ameroid barometers—Aneroids quite often become inaccurate
with lapse of time, and therefore require occasional comparison with
a mercury barometer, or another aneroid of known accuracy, fol-
lowed by suitable adjustment. This will be done by a Weather
Bureau official who will visit the airways station carrying a barome-
ter with him for comparisons. The airways observer should not
attempt to make any adjustments. If the barometer readings are
believed to be in error, report to the supervising Weather Burcau
office, and appropriate action will be taken.

178. Thermometers and shelters—Thermometers will be kept clean
and the graduations in the stems refilled with black pigment when

* required, which latter attention will usually be given by a Weather
Bureau official.

179. The shelter and wooden support will be repainted occasionally
to keep them white and clean, and protected against decay. Gal-
vanized metal supports will be painted only when corrosion is be-
coming evident, when a coat of red lead will be applied, followed
by a top coat of aluminum.

180. A small magnifying glass is often a help in reading the
thermometer. Flashlights must be employed for night observations,
unless the shelter is electric lighted, which convenience is usually
provided only for the larger shelters. .

181. Ceciling-light projectors, clinometers and dlidades, will be kept
clean, especially the projector mirror, cover glass, and spot-li,‘zgt
lamp, so that the light beam will have maximum intensity. Seec
that the voltage of the lamp matches the current voltage at the pro-
jector socket, and the lamp is kept in focus. The correct focusing
of the lamp can be ascertained by setting up a vertical white screen
about 42 feet distant from the projector and adjusting the lamp to
the focal center of the lens, determined by securing a sharply defined
and rounded spot on the screen. When alidades are used, an occa-
sional check of the set up with reference to the projector may be
obtained by sighting the projector from the alidade when the latter
is set at zero graduation. See “Alidades ” above. Pipe supports for
alidade and projector should be repainted when needed.
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182. Miscellancous; reporting broken or defective instruments.—
In addition to the foregoing the airways observer will watch his
equipment to see that it 1s maintained in good condition, reporting
breakages and needs for repairs or replacements to the Supervising
Weather Bureau office in ample season to forestall breakdowns.
Instruments that are suspected of being defective should in particular
be reported. Wind-instrument supports will need repainting occa-
sionally. Extra lamps for projector and wind direction and velocity
indicafor will be kept on hand.

183. Ordinary precautions are required in the use of instruments,
and observers arc requested to use every reasonable care to avoid
accidents, breakage, and loss.
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