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NATIONAL WEATHER SERVICE SUPPORT TO SOARING ACTIVITIES

. INTRODUCTION

Soaring activity and the increasing requirement for National Weather
Service support can be enhanced by a better understanding of the part
meteorology plays in confest planning. From early spring into late
fall, Western Region Staff Minutes frequently describe meteorological
- support at local, regional, and national soaring confesfs. Soaring
and the requirement for meteorological support are steadily increasing
throughout the country. Some of the best soaring sites and soaring
weather in the world are located in the Western Region. The current
world's altitude record (46,267 feet) was established in a wave over
the Tehachapi Mountains of southern California. During the national
soaring contest held at Reno in 1966, several contestants made dis-
tance flights reaching the Pocatello area. A flight from San Diego
eastward into western Texas held the two-place distance record at one
Time. :

To give Western Region personnel a better feel for socaring, excerpts
from Soaring Society of America (SSA) publications [ 1] have been
_prepared. In addition, a forecast manual covering the meteorology

of soaring and questions commonly asked by scaring pilots, written

by Charles V. Lindsay, Quality Control Officer (QCO), Weather Service

Forecast Office (WSFO), Washington, D. C., will be disfributed fo the
field in The near future.

I'1.  THE NATURE OF SOARING

AlmosT everyone knows that soaring is a part of aviation, but
relatively few of the general public know the exact part it plays.
Soaring, or gliding as.it used to be calied, bears the same relation
To power flying that sailing does to power boating. To the amateur,
it offers a superb sport which challenges his skill and offers a
scope to his talents far bevond those required for the management

of powered aircraft. For the professional it offers refaxation and
a chance fo perfect-his skill to an extent +hat is not possible in
powered aircraft. It has long been said that one cannot call him-
self a true seaman unless he has served under sail. |In |ike fashion,
there is no powered aircraft pilot, however experienced, who cannot
improve his technigue by soaring experience.

Sailplanes, as modern high-performance gliders are called, are used
to some extent for aerodynamic and meteorclogical research; and cargo
and troop-carrying gliders were used for military purposes by the
major powers in World War {l. But modern soaring, the art of mofor-
less flight, is primarily recreational.

A soaring pitot may stay aloft for hours, and perhaps fly many miles
across the countryside using his superior knowledge of air currents.




Some of - the 'varidus-typés of [ift are .illustrated i Figure I.
Soaring is a sport of great challenge-—a game for which the rules
have not been completely written, played on a field that has no
posted boundaries. The variety .ot exPeriences available to the
player is virtually unlimited, and each one can participate to a
degree'eompéfiblerWifnahieior'her»ambiﬁion, abiliTy;”énd*equipmemf#
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"5Soar|ng ns frequenfly ‘conducted.at .sites fairily d|s¢anT from popula—
tion ¢éntersy [T is &:isport that ithe public.atlarge Kiows«very "

I'ittle about.* Furthérmore, sdaring eompetitions idsually are unreward-
“ihg as.a spectator sport:because :the'objective .of many icontests: is.to
get ias far from the take-off isite as possible. A notablerexceptioh is
the annual Torrey Pines:Soaring Championships held eactiyear near San
Diego. .i-Here dozens of - sallplanes:gdlde -up @nd - down the cllffs along
" the.ocean before’ ‘the eyes ofwihousands:of ~spectafors.

In soaring, as iIn many other Types of contests, speed makes winners.
‘Thi's. hasn't ‘always been so.:*The "Whatever you can-dolican do better"
spiritiin motorless flyingd dreally got-undéer way in ‘Germany 50 years
ago-this summer!. :Although the sWright: Brothenrs had 'soared for nearly
|0 minutes in 91y the compe+|+lve thrust was' seemingly: |ganed by a
L fwe=minute fllgh+’+ha+ carrled a sallplane above ifs ladnch point on
the fabled Wasserkuppe 'fn«k920% ‘Redords were soon -béing ‘broken as'
fast as they were set. Initially the desire o -excel found outlef 'in
rapidly increasing duration times ('"Who.can stay up longest?'"); and
then cross-country distance("Who canw¥f [y farthest?™).

The burgeoning ‘Gérman métor|ess flylng smovement 1o fi the: séntury 's7
second afd fhird decades .gave' that country undlspu#ed pre-emlnence
~in the isearing:world<:. Atifhat per|odt+hejmos+‘pr|7ed quall+y of
.sailplane design -was The»ablllTy “to:sustain-+to stay &loft. As'a :
result;.ships.of Hhose days posdessed thHerabilTty o "fligat" miradu-
lodsly.and spiral slowly lin-weak updrafts.! However, once theyleft
rifffaﬁd bedan to-glide, pilots had Fo b& content with their slow ™
speed ! '+ took tine ito cover grogndi any signif icant increase’ ln ¢
speed sTeepened +The ‘gl ide angle +remendously A B PR R
; LT Phe toomg DeTer et e o oL g
Whaf was ‘neededwads asallplane thHat could~ peneTraTe”——fly rapldly
without spoiling its glide angle -and yet be able fo circle slowly ™
enough to stay in narrow, weak thermals. Thus speed ("Who can fly
fastest?"). beoame The key Measure of: ‘competi +|ve sklll AR
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After World War 11, duration and altitude evenTs dlsappeared from the
.edntests.y Compeflfors iriow wvied: with one another " for 'the ‘fastest time
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around closed courses. Distance events still remain; but since compe-
tent pilots are now abie to stay aloft during a given number of daylight
hours, here, foo, victory becomes a function of speed. The fastest
pilot and ship win because they cover the most miles and earn the most
points.

But how can you tell who's winning? That's easy--it's the pilot who
has the most cumulative points. Each day a pilot places first he is
awarded 1000 points. |[f there were |0 events and he won them all, he'd
end up with 10,000 points. A simple proportional formula prorates
points for runners-up. The daily scoring sheets and the scoring

board usually located in front of the spectator area will tell you
results of both individual tasks and the cumulative leader.

During contests there is a freguent change of leadership, with differ-
ent names appearing at the fop. |T is possible, however, to win a
meetT without even winning a single event. A. J. Smith, a former U. S.
and World champion, did just that in the 1968 Internationais at Lesno,
Poland. His best placement on any day was second, yet he accumulated
enougn points by staying near the ftop o win the meet by a margin of
136 points. 1

The contest-wise pilot is a tactician who plans and relates his point
and flight strategies. He willingly concedes a battle to win the war.
He knows it is much more important, generally, to finish a fask than
to be first for the day. Though he flies aggressively, he husbands
aititude and is content to let a competitor pass him if the area wea-
ther indicates caution. He knows there is always a chance The eager
one's gamble will pay off and that his name will be on the top of the
next day's score sheet. But veterans are not panicked at the sight

of go-for-broke piiots screaming by under such circumstances. A

miss or two and their sfanding sinks dramatically down in the column.

Next to weather itself, the success of a contest is determined by the
skill of the Task Committee in performing ifs vital function. [f it
can match the specific day's conditions, the task and the competitive
capabilities of the conTestants, all is right with The soaring worid.

Any expert in tests and measurements will ftell you a good ftest differ-
entiates--it is neither too hard nor too easy, so that neither too
many nor too few complefe the task assigned. |If there is a wide
spread between achievements of the best and poorest and if There is
little bunching in between, the tester has chosen the fask well.

Each morning of the contest the committee wiil obtain the latest area
weather information and predictions from ifs meteorclogists and decide
upon the event of the day. |f it chooses a speed run, it will
establish a course between specified points which will achieve this




\galeﬂ at what he judges to be the most opportune time. This is an

‘desired separation. These points may be chosen to +ake advanlage of
“such phenomena as convetgences  or shear llnes, or, on the other hand,
force: the contestants fo show their ablllly in CIrcumvenllng wealher
"‘or‘topographical challenges.

Most, frequenle the course is Trlangular or out-and-refurn so Thal
‘the race begins and ends at the' field.. Pairg of caméras' mounted

each sallplane enable Judges to verify that pilots made turns at The
prescribed potnls Each n|ghT the" fllms are processed to corroborale
lhe leOTS clalms ‘ a

If a distance task is selected, there will probably be at least one
"free distance" day. The conleslanfs are fo go as far as they: can
and,_unllke all other events, are free to choose their routes and
directions. The ability to assess, récognize, and utilize weather
fis the quintessence of soaring, and many- féel the free-distance task
~'is 'the ultimate’ Tesl "But modern sailplanes” ‘and ski'l | 5+ now: achieve
suchidistances: Thal relrleval Tlme ‘and expense may force lhls'eVenT
'**ouf of: conlesls _ . el

i
\ .

To relaln distance tasks but avoid long drlves for sallplane reTrle-
val, several other options exist which permit exercise of some
"“wealher Judgment while flying a varlely of course patterns.  Conse-
cutive distances for these patterns are then- fotaled; Thls'assures
thatt lhe pilot will land within: 175 miles or lessfrom his’ sTarTIng
'point.” Most- popular among these is "Distance -Within a Prescrlbed
‘*~Area”5 somellmes called the "cal's cradle" (See Flgure 2)

Ideally, The falresT thifig in a speed race WOuld be'a "race horse’
start"iwhére all ships ¢rossed over the sfarflng line ‘at the same
instant: However, this would pose a problem in: loglsllcs Where
ebuld you get 65 towplanes and pilots?--see Figlre 3 for ‘methods ©
of launch. Also, safety must be consldered-—lmaglne the reactions
" of the'FAA watching 65 sallplanes mllllng around in The flrsl +her—
'mal after: the slarl' S ‘ A - AR

'The release from tow does not, theretfore, signal the beglnnlng of

competition; the pilot must still run through the official "starting
imaginary window in the sky ronitored by the official startérs. '’
With some: snmple but: ingenious ‘instruments, the dimensions cah bé
clearly seen by officials. The most |mpor+an+ measurement is the’
‘upper-‘one--1,000 meters above the field. There is no limit to “the
speed a plloT may fly tThrough the starting gate (other than the

safety of his ship), but he may not exceed the prescribed altitude.
AT titude Translafes to speed and/or dlslance p0|nls on the day's '

flnal scores :

lee eager sprlnlers, some pllols "Tesl" sTarTers by shav1ng this
upper |imit as closely as they dare. |[f they miss, the starters
quickly inform them by radio, and they must go back and make another
run--sometimes several--before '"good start'" clears them to proceed
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on course. Their precise starting time is recorded for comparison
with their finishing time. The scorer later determines the elapsed
total and official speed. Nonfinishers get "distance points'"; but
falling short of the airport is reflected in far fewer points than
if the pilot completes The task.

Except for the excitement at the finish gate, a soaring contest is
like a play where all the action and drama occur off stage. After
+he last contestant has made his start and headed out on course, a
restiess quiefude seftles upon the field. |t is curiously reminis-
cent of a miliftary field in wartime. How many will make 1t back?

Who will go down? Soaring pilots have no rocters as do athietes in
major sports. Nevertheless, there are partisan enthusiasts who know
the ships and competition numbers of the main competitors as well as
those of their own pilof. As if by prearrangement, these hardy souls
begin to move toward the finish line at a cerfain point in the after-
noon. They have estimated arrival fTimes of eariy finishers, based
~upon mileage of the day's course and an educated guess at speeds To
be achieved. :

Here at last, from the spectator's point of view, is something to
see. All eyes now fTurn foward the quadrant of the horizon from
which finishers are expected. Before the first sightings, the radio
begins its clipped announcements to the finish gate's ground station:
"CONTEST GROUND... This is Four Tango one mile out." --- "There he
ist® : ,

Perhaps someone spots the fell-tale glint of sun striking approach-
ing sailplane. Because of the small frontal area of high-performance
sailplianes as they aim for the finish line, it is difficulf to spot
ships at a distance. Unless they are bucking a headwind, they always
seem quite low, so flaT are their glide angles.

Now an error of judgment may be exposed for all to see. If final
glide was begun foo low, watchers are freated fto the spectacle of a
contestant falling short of the field or scratching desperately about
searching for cne last bit of 1ift fo save the flight. I+ has even
happened that some have barely made i+ fto the runway only to miss’
crossing the finish line by a few feet on the roll-out.

On the other hand, those who have erred on the conservative side
arrive with an excess of altifude. A steeper giide, while giving
more speed, would exceed the design |imit for which the ship is
legally placarded ("red-line" speed). This is inviting disasfer in
The form of structural failure.

But those who have planned wel| come hissing by the finish line at
perhaps 100 mph or better, just a few feet above ground. Though it
brings forth many "ohs" and "ahs", the low pass is realiy not a
grandstand play. It is the calculated factic of pilots who have been
splitting seconds by balancing altitude and speed to vield a maximum
point return, not only during the spectacular final glide but through-
out every moment of the entire fask.

-5-




“As sailplane design and structures have become more sophisticated- and
‘complex; their costs have risen.accordingly. Some years agoe the Fed-
eration Aeronautique Internationale (FAl), The international .govern-
ing body under whose auspices championships:are held, observed that
fine pilots might be prevented from competing because of this growing
expense. At that ftime the Standard Class, as distinct from the Open
Class, was established To encourage safe, practical, and inexpensive
Shlps.~ :

The main resTrncTnon on sTandard class was. the |lmlTIng of wnngspan
to |5 meters. This-is roughly analogous to efforts at holding down
engine displacements in auto .racing. Alsoc forbidden were such expen-
sive-features as retractable landing gears and wind flaps; but These
ldtter restrictions are now ifalling by the wayside. Thus, ithe effort
has been only partially successful; and some of the Standard Class
‘'sailplanes are veritable jewels and just about as.costly as Open-Class
‘planes. 'But the breed has beéen lmproved by the care.and anenTlon
|avished on detail.

Vi, A DAY IN-THE LIFE OF A SOARING CONTEST METEORQLOGIST

1The flrsT word must be "hechc" Llfe beglns aT the crack of dawn as
the meTeoroIoglsT starts his frantic search for clues on the. sTrengTh
duration, and timing of the day's "lift potential''==the soaring pilot
transtates |ift and Its associated altitude into distance and speed.
As previously mentioned, the first meeting of the day is between
meTeoroIogisT and contest Task Committee, normally..held- around 8«30
~a.ms local ‘fime.: The general plloTs meeting follows at about;9:30
a.m. with announcemenT of the day's task, a meteorolegical. brleflng
~and:various régulations and safety. precautions covering events:of the
day (see Figure 4 illustrating display beard:used at. 1970 soar.ing
championships at Marfa, Texas). Safety has long been a key word

in soaring, as shown by frequent safety. arflcles in +he Soarung
SOC|e+y's monTth publlcaflon oo o

‘BeTween dawn. and The meeTnng with The Task CommlTTee,/The meTeorolo-
gist gathérs his material. ‘Hopefully; the soaring:site has teletfype
Services A.and C, as well as National Facsimile.' Excellent'use-is
made of fire-weather mobile units with their radic facsimile.
Arrangements ‘are made for the fire-weather fransmitting site to fape
early morning.significant weather progs for transmission to the-
soaring site. ‘At 1200Z, if there-is no raob at the field, a hocal
aircraft sounding is made. The airctaft altimeter is preset. 1t¢:29.92
inches prior to take-off; and with.use of an outside air temperature
instrument, a temperature profile is taken up to 7,000 to 10,000 feet
abové ground level. Temperature réadings are taken every 500 feet and
at other significant points of temperature ¢hange, ‘cloud:bases; bases
and tops of haze or smoke layers, efc. This séunding, along with net-
work racbs within a 500=mile radius:.of the contest site, . s analyzed
To give the meteorologist his air mass picture. x



The meteorologist needs to establish the time thermal life will
begin, what the thermal strength will be, and the height Thermals
will reach at onset of the soaring day, as well as during maximum
lift periods. This information is given to pilots so tThey can use
it directly in their flight planning. Winds at various altifudes
are essential, along with the possibility of "overdevelopment'--
clouds becoming broken to overcast and cutting off further heating
and ifs associated thermals. Scattered fthundersforms along the

path of the flight pose a question for the pilot: "In what direction
will the cirrus blow-off move?" This also can stop or greatly
diminish further thermal activity. Surface winds exceeding 20 knots
frequently spread thermal activity into unusable small patches and
can hamper launch and return of contest aircraft.

When contests are held -in or near mountainous areas, tThe forecaster
must consider possible mountain wave action and the effect this
could have con the daily task.

After the general pilots' meeting, The forecaster normally conducts
individual briefings for many of the confestants until take-off

time, which is usually between |l a.m. and | p.m. Once contestants
are on course, the major portion of the meteorclogist's work is at

an end. However, information on how the day's weather fcrecast -
verified holds him on the job, as this wili influence his evaluation
on the following day. This can best be obtained by talking with
pilots after their return from a three- to six-hour flight. So, the
weather support team at a soaring contest must endure long days and
constant forecast pressure; but on the rewarding side is the challenge
of an operational forecast prepared for users who wiil quickiy point
out errors or compiiment forecast success, plus the comradeship of an
aviation-oriented group. The soaring pilot, with his dependence on
meteorological knowledge for motive power, is a most intent listener
and a valuable scurce of information on microscale phenomena and its
effect on flying. '

Noncontest requests for mefeorclogica! support will primarily be to
assist the pilot in completion of the International Soaring Awards as
| isted below:

(1) General
a. All flights must be solo.

b. The pitot must hold a current FA! Sporting
License for Soaring (issued free To vcTing
members and student mambers of SSA; non-
member schedule of fees available on request).

c. The flight must be supervised by an SSA
Official Observer (a voting member or student
member of SSA who holds a C badge or betfer).




Lid

”Soarlng in America"

1959.

- (2)

(3)

(%)

(5)

C Badge

' Thé pilot mist take a flight of at least five |
 minutes above his release point or some low !

- point.after release, 'or qualify for the badge
in SSA's ABC Training Program.. C Badges are

:Sllver Badge .

issued only by des:gnaTed SSA |ns+ruc+ors

I

a.

a.

Diamond Badge

A cross—counTry fllghT of at: IeasT 32 miles:
(50 KM). o

'k

. A flight in which an altifude gain of 3 280

feet (1,000 meters) is made above the pOInT
of release or some Iow pOInT afTer release
A duration fllghT of at least flve hours
from time of release _

[IPEN

A cross- -couhtry fllgh+ of aT IeasT 87 mlles
(300 KM) " | ? " G

“'(

. A flight in whlch an al+|+ude ga:n of 9 843:?'

feet (3,000 meters) is made above' the ponn+r
of release or some | ow potnT affer release

[

.‘A duration fllghT of ‘at least five hours

from tine of release (may be same flight
which qualifies for Silver Badge dura+|on).

o

a.

A cross—counfry fllghT of at IeasT 311 mlles
(500 KM) . '

A cross-country flight of at least 187 miles

(300 KM) fo a predesignated goal .

A flight in which an altitude gain of 16,404
feet (5,000 meters) is made above the point
of release or some low p0|n+ after release.

VI. REFERENCE

The Soarlng Socne+y of America, |ncorporated,
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5. Carlsbad (Cavern City Airport)
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1. Marfa, Texas — Contest Site
(Fresidio County Airporty
SCALE .
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FiCURE 2
12TH WORLD SOARING CHAMPIONSHIPS - JURE 21 - JULY 4, 1970

DIAGRAM OF TURN POINTS - DISTANCES BETWEEN POINTS ARE GIVEN IN KILOMETERS (UPPER FIGURES) AND STATUTE
MILES (LOWER FIGURES).



AIRPLANE TOW-

USED WHENEVER A
HIGH TOW IS DESIRED.

WINCH TOW-

N A GOOD METHOD FOR
- e LAUNCHING _SAILPLANES
< ~ FROM ALL TYPES OF FIELDS;
ESPECIALLY EFFECTIVE
WHEN THE FIELD 1S ROUGH -
OR SLIPPERY. 7

SAILPLANE

- STAKE

PULLEY- é |

TOW CAR

AUTO PULLEY TOW-~-

) AN IDEAL METHOD FOR
» LAUNCHING FROM SMALL

SIMPLE AUTO TOW-+} FIELDS OR WHEN WIND'

MOST EFFECTIVE WHEN M VELOCITY 1S LOW.

USED ON A LARGE FIELD

WHICH HAS A SMOOTH PATH

FOR THE TOW CAR.

LANCHAK

FIGURE 3. METHODS OF LAUNCHING SAILPLANES.
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TWELFTH WORLD SOARING CHAMPIONSHIPS /1970
MARFA , TEXAS

m
TASK CLASS : .

TURN R Jﬂ

POINT
LATITUDE
LONGITUDE e
COURSE o
DISTANCE

POINT
LATITUDE
LONGITUDE L
COURSE e
DISTANCE oo

| e

WEATHER " SURFACE FORECAST/MARFA

1200 HR. C. O 18,000
1500 1 ]

O
1800 NO)

S

INDEXES

STABILITY | ‘
THERMAL
P ,0(10

WINDS DEGREES AND KNOTS 6,000 FEET ASL
FEET ASL 6,000 9,000 12000 18000

START
MAXTIMUM
END

THERMALS | HR.C. FT. ASL LIFT K.

REMARKS

OPERATION | HR. OPEN CLOSE
GRID TIME

FINISH

GRID AREA

RELEASE \ DJ

FIGURE 4
-2~



Western Region Technical Memoranda: (Continued]

No.
No.
No.
No.
No.

No.
No.

No.
No.
No.
No.
No.
No.
‘No.

No.

No.

No.

No
No.

No.
No.

No.

No.
No.

No.

No.

45/2
45/3
45/4
46
47

48
49

50
51
52
53
54
55
56

57

58

59

. 60

61

62
63

64

65
66

67

68

Precipitation Probabilities in the Western Region Associated with Spring 500-mb Map
Types. Richard P. Augulis. January |970. (PB-189434)

Precipitation Probabilities in the Western Region Associated with Summer 500-mb Map
Types. Richard P. Augulis. January 1970. (PB-189414)

Precipitation Probabiiities in the Western Region Associated with Fall 500-mb Map Types.
Richard P. Augulis. January 1970. (PB-189435)

Applications of the Net Radiometer to Short-Range Fog and Stratus Forecasting at Eugene,
Oregon. L. Yee and E. Bates. December 1969. (PB-{90476)

Statistical Analysis as a Flood Routing Tool. Robert J. C. Burnash . December 1969.
(PB-188744)

Tsunami. Richard A. Augulis. February i1970. (PB-i90157)

Predicting Precipitation Type. Robert J. C. Burnash and Floyd E. Hug. March 1970.
(PB-190962)

Statistical Report of Aeroallergens (Pollens and Molds) Fort Huachuca, Arizona [969.
Wayne S. Johnson. April [970. (PB-191743)

Western Region Sea State and Surf Forecaster's Manual. Gordon C. Shields and Gerald B.
Burdwell. July 1970. (PB-193102)

Sacramento Weather Radar Climatology. R. G. Pappas and C. M. Veliquette. July 1970.
(PB-193347)

Experimental Air Quality Forecasts in the Sacramento Valley. Norman S. Benes. August
1970. (PB-194128)

A Refinement of the Vorticity Field to Delineate Areas of Significant Precipitation.
Barry B. Aronoviftch. August 1970.

Application of the SSARR Model to a Basin Without Discharge Record. Valil Schermerhorn
and Donald W. Kuehi. August 1970. (PB~194394).

Areal Coverage of Precipitation in Northwestern Utah. Philip Williams, Jr., and Werner
J. Heck. September 1970. (PB-194389)

Preliminary Report on Agricultural Field Burning vs. Atmospheric V151b|ll+y in the
Willamette Valley of Oregon. FEarl M. Bates and David 0. Chilcote. September [97Q.
(PB-194710)

Air Pollution by Jet Aircraft at Seattle~Tacoma Airport. Wallace R. Donaldson. October
1970. (COM-71-00017)

Application of P.E. Model Forecast Parameters to Local-Area Forecasting. Leonard W.
Sneliman. October 1970. (COM-71-00016)

NOAA Technical Memoranda NWS

An Aid for Forecasting the Minimum Temperature at Medford, Oregon. Arthur W. Fritz,
October 1970. (COM-71-00120)

Relationship of Wind Velocity and Stability to SO2 Concentrations at Sait Lake City, Utah.
Werner J. Heck, January 1971. (COM=7!-00232)

Forecasting the Catalina Eddy. Arthur L. Eichelberger, February 197!. (COM-7[-00223)
700-mb Warm Alr Advection as a Forecasting Tool for Montana and Northern idaho. Norris E.
Woerner. ' February 1971. (COM-7/-00349)

Wind and Weather Regimes at Great Falls, Montana. Warren B. Price, March 1671.

Climate of Sacramento, California. Wilbur E. Figgins, June 197}. (COM-71-00764)

A Preliminary Report on Correlation of ARTCC Radar Echoes and Precipitation. Wilbur K.
Hall, June 1971. (COM-71-00829)

PreC|p|TaTion Detection Probabilities by Los Angeles ARTC Radars. Dennis E. Ronne,
July 1971,

A Survey of Marine Weather Requirements. Herbert P. Benner, July 1971. (COM-71-00889)



