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As one who has participated”actively in both aviation and aviation
education for more than two decades, I .commend California educators at
the local and state level for their imagination and initiative in develop-
ing this "Aeronautical Science Course of Study'" for teachers,

As an elected reprasentative of the First District of California and
as President of the Congressional Flying Club, I recognize that there is
growing national interest in capitalizing on the motivation, aviation
and aerospace studies provide, for students as well as teachers, Thus,

I see huge potential benefit in the sharing of this '"Aeronautical Science
Course of Study'" material which the Department of Transportation, Federal
Aviation Administration, Aviation Education staff members have made
possible through this publishing effort.

' Leaders of government, education and industry are increasingly recog-
nizing the important role that aviation and aerospace science study provides
for youth, teachers, parents and all who are interested in the future of
this great nation.

On the next page is tangible evidence of the importance placed upon
education in man's conquest of air and space, California Governor Ronald
Reagan's Proclamation, which establishes the school year beginning
September 1969 as "Aerospace-Aviation Education Year'" throughout the State
of California is a prime example of the interest of elected public officials
in encouraging aviation and aerospace education programs in our schools.

It is my hope that educators in every part of the nation will find
ways to use either directly, or modified to suit local needs, the valuable
suggestions included in this publication.

Education Task Force
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PROCLAMAT 1o

! ’ °
WHEREAS, The successful flight of Apollo 11 has WLndled

the Splrlt and captured the imagination of mankind as”have

few events in history, -and was a demonstration of man's

ability to soar beyond the limitations of earth and to achleve

the apparently 1mp0551b1e' and

WHEREAS, 'Its success goes far beyohd ‘the beginning of -
space exploration and proves beyond doubt that in a creative
society we can do anythlng we truly commlt ourselves to do;
and .

WHEREAS In January of this year I app01nted the Aero-~
space-Av1atlon Educatlon Task Force,'whlch ig chalred by i
Congressman Don Clausen, to study and submit recommendatlons
on California's e&ucatlonal program in the fleld of aerospace N
nd av1atlon, Do . o . . A
_ . # , : o :

"_NOW THEREFORE, I, RONALD REAGAN GOVERNOR OF CALIFORNIA

do hereby proclalmithe year Beglnnzng with” the opening of our

" schools 'in September, 1969, -.as: AEROSPACE-AVIATION EDUCATION

YEAR,Nand urgemallzeducators in' the. State;pf California, at jwmrh

every scholastic lever, and inevery - field of: study, tos w(l)
,zenrlch their "’ own e urses with aerospace-aVLatlon*materlal S
. (2) 'inform their’ students of the depth. and breadth;
opportunitiés 1n'éerospace—avxatlon-already th'
'agrlcultural 1nduétry in california,s(3); develo

."w1th the lives. of alliCa lfornlans, 4) " selze'6very"opp¢ tun;ty .
o Lranslate the/ excitement of- ur: sudcess’

- to optlmxsm for/Tlndlng solut;oﬁ

' rove agaln thattcooperatlo




Goals and Objectives of California Governor's Advisory Task Force on

Aerospace~Aviation Education

1. To develop within the California public system of education, a planned and
coordinated aerospace-aviation education program, which embodies all phases and all
aspects of aviation, aerconautical, and space education.

2. To serve all levels--elemeﬁtéfy, secondary, higher and adult education on
a continuing basis in the State of California.

3. To serve the curriculum areas of general education, vocational education,
adult, and in-service education.

4, To study, evaluate, and implement the findings of the California Aviation
Education Advisory Commission established by the California State Department of Edu-
cation i25;967.

5. To encourage and stimulate the formation of County Aerospace-Aviation
Advisory Committees to better coordinate the implementation of programs through
"established and contemplated educational facilities and their administration,

6. To afford particular recognition and consideration to the recommendations
of the Vocational Education Director and the aviation consultants to the Department
of Education on how best to coordinate the integration of aerospace-aviation educa-
tional materials into the general and vocational education curricula--consistent
with the demands and requirements of the jet and zpace ages. ‘

7. To draw particular attention to the extraordinary advantages of including
aircraft control manipulation as an integral part of the vocational and general
education programs through the use of stationary classroom flight simulators in
elementary and secondary sthools, and through actual flight training programs in
high schools and junior colleges where easy access to airports is available.
Excerpts from Address by Congressman Donald H. Clausen to the Aerospace-Education

Task Force, Sacramento, California, June 16, 1969

. % A
Aviation and air transportation now play, and will continue to play, a dominant
role in the movement of goods, services, and people throughout the State of Califor-
nia, the United States, and indeed, .throughout the entire Western Hemisphere. As
the jumbo jets, the SST, and other fixed and rotary-wing aivcraft go into commercial
use, world-wide air marketing programs will expard tremendously. 1In addition, there
is growing interest in the future uses of STOL (short take-off & landing) and VIOL
(vertical take-off & landing) aircraft to supplement the present air-carrier fleet.
And business aviation and general aviation aircraft usage is expanding at fantastic
rates of growth. '

This, basically, is the direction in which we are moving when aerospace-aviation
programs and objectives are viewed collectively.

But what are the more immediate benefits and advantages to be gained from a dynamic
and future-oriented aerospace-aviation education program in the public schools of

California?
| _ }¢~ What, specifically, is in it for the young people--the students of our State?
Q
'. - viB
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Over the years, successful aviation education programs have repeatedly demonstrated
that they aie, in fact, significant motivating factors in stimulating poor students
to become honor students and inducing potential '"drop-outs" to remain in school and
complete their educations.

Therefore, and based on years of persoral experience, 1 am convinced that aerospace-
aviation education is not only an effeccive and viable "anti-drop-out tool'~-but a
righly motivating force that will provid: the kind of a challenge that many young
people desperately need early in life, especially during their school year.-

I have proven to myself, during my 23 years of "experimenting' with this pregram
of aerospace-aviation education that I can '"capture the imagination' of any student
from any home environment--by exposing him or her to the challenges of flight--be it
in the classroom, the stationary Flight Simulator, or actual flight in an aircraft.

The cost? This is something that we must all be concerned about. Let me state cate-
gorically, however, that -he iwplementation and insertion of this type of program
into or associated with the established curriculum of our schools, will actually
save money, when considered in conjunction with our total public sector budgets.
Scme sceptics might say, '"How can ybu, Congressman Clausen, make this kind of state-
ment?'" Here again, permit me to relate some of my personal experiences.

During my scrvize as a Member of the Board of Supervisors of Del Norte County for
seven years, I revincwed, perused, and carefully scrutinized the annual budg:t of

the various department heads. Among them, of ccurse, were the budgets of the Judgsz
of the Superior Court, the District Attorney's office, the Probation Office, the
Juvenile Hall, the Sheriff, a Bar-"0"~Boy.' Rehabilitation Camp, the Welfare Office,
etc. After observing the large percentage of dollars of overall budget requested
and required to finance the function of these offices, I decided to conduct research
in the specific area of costs to our taxpayers for juvenile delinquency and proba-
tion problem, as well as minor and major criminal problems.

The cost factors revealed were, to say the least, shocking, and they prompted me to
relate them to the high school principal, the Judge, the Supt. of Schools and Com-
mittee members of investigating Grand Juries. I found that each bhoy or girl commit-
ted to the Youth Authority or Dept. of Correction cost the taxpayers approximately

cost an average of $35,000. My candid comment to local officials at that time was,
""Save one boy from the Youth Authority--you've bought one airplane or simulator--save
one boy or girl from a life of crime, and you've paid for the entire program." Once
exposed to these economic facts of life, these key community leaders and many pre-
viously sceptlcal parents could readlly see the reasonableness and the rationale of
my suggestion to 'continue and broaden the exposure to the challenging program of
aviation education in Del Norte High School." Therefore, I submlt we can better
invest our tax dollars in the kind of innovative programs that I like to refer to

as 'preventive maintenance.'" Believe me, I can refer you to many parents who are
willing to testify to the success of our efforts. Once our program was underway, an
Assembly Tommittee on Education held hearings in Crescent C1ty, California, for the
purpose of evaluating our results. The testimony of some of these parents and stu~
dents is available in the publlc hearing record.

Mine, of course, is but one expertence. There are thousands of other examples, and
one that bears repeating tOOk Place in the Richmond Unified School District. Here,

a ""flight experience program" was tested for students from the ghetto areas, and this
experiment dramatically demonstrated and proved the motivational potential of the
kind of program that will broaden, thelr perspectlve through exposure to something new
and challenging.

Q : o :
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From this experience it was Jetermined that learning performance was significantly

g improved for those students in the program who had been previously classified as
"disciplinary problems.' Thus, the value of this particular program was recognized
~ot only by the students, and the school authorities, but more noteworthy, by the
students' parents.

Thus, we see that the ~art of the problem lies not so much in not having adequate
or suitable aviation education programs--but rather, in the fact that we just
don't have enough of these logical and constructive programs in existence.

We know, for instance, that 46 colleges and 77 high schools in California have some
type of aviation education program, but from these figures, it is obvious that there
are far tco many areas where such programs just don't exist at ell. This, then is
the challenge and the opportunity. The time has come for all Californians, all
Americans, and in particular, our educational institutions to broaden their perspec-
tive to eliminate '"tunnel vision''--to seek broader horizons in this, our jet and
space age.

.
The challenge of change, in our everyday living, demands that we commit ourselves to
this worthy task.

We can, as dedicated and creative people, recapture the American dream--through
aviation.

We can rekindle the spark of hope and faith in America--through aviation.

We can stimulate, motivate, and accelerate the learning process--through aviation.

We can broaden the horizons--we can broaden the perspective of individuals--
through aviation.

, - We can open up ‘'opportunities unlimited" for this generation and future genera-

? tions--through aviation.

We can "Revitalize Rural America," and "Build Countryside, USA'"--through avia-
tion. * '

‘We can provide relief from the over-crowded 'pressure cookers''--the "high rise
ghettos'--the "concrete jungles'" of urban metropolitan areas-~-through aviation.

We can better coordinate the movement of people, goods, and services--through
aviatiocn.

We can iwmprove the "environment for future living'--through aviation.

Governor Reagan, we, the members of your Aerospace-Aviation Education Task Force,
are deeply grateful to you for "launching" this timely space-age education proposal,
just one day before the arrival of the Apollo 10 astronauts--Stafford, Young, and
Cernan-~here in California.

In six months, we hope to have before you the best recommendation California's avia-
tion "brain power' can formulate. Like you, 'we want to make the best--better."

%19
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PREFACE

In 1960, an instructional guide for the high schools in California,
entitled Aviation Education and the Space Age, was published by the State
Department of Education. Ever since then the Department has received re-
quests for a high school aviation or aeronautical science course of study
similar to those now used by the 25 California high schools that offer in-
struction in seroscience. No action was taken immediately since there is
available a wide variety and an ample supply of information for teachers
who are interested in demonstrating the implications of aviation and space
to their students. For exampie, V. S. Government sources include the
Department of Transportation's Federal Aviation Administration, which
makes available an abundance of materials, manuals, and guides for pre-pilot
and technical instruction, and the National Aeronautics and Space Adminis-
tration, which provides excellent guides on vocational and technical train-
ing in aeronautics as well as materials on the space programs. Neverthe-
less, aerospace educators have continued to insist that a great need exists
for 2 high school aeronautical 'course of study tha* is science-based, with
emphasis on inquiry, exploration, and open-ended experiments

The California Department of Education concurred that a course of
study in aeronautical science* for California high schools is indeed needed.
Some reasons are: (1) the demands for qualified personnel in all branches
of aviation and space have exceeded the highest previous estimates; (2) the
increasing interest of youth in aviation and space careers has prompted
many schools to offer aeronautical courses (high schools and junior colleges
that offered no such curricula five years ago now have hundreds of students
enrolled in courses that are designed to prepare them for aeronautical
careers); (3) modern educators are becoming increasingly aware that the
interest of youth in aeronautics can be utilized to motivate and direct
learning in the classroom; (4) the safety record of aviation may be improved
substantially through scientific instructions to prospective pilots; and (5)
many California high schools offering aviation courses have made only nominal
reference to .the scientific principles that are basic to aeronautics.

It became increasingly evident that high school aeronautical courses
‘needed to implement the method of '"learning by discovery' as they taught
basic aerospace information. With the rising number of requests for guid-
ance in establishing such courses, the State Department of Education in
early 1967 called upon selected members of its Aerospace Education Advisory
Committee to develop & course outline for Aeronautical Sciences. The pres-
ent volume is a result of that work. It was revised in late 1968 following
extensive evaluation and use throughout the State In August 1969, the Man
in _Space unit was revised to reflect the Apollo 11 and subsequent Apollo
missions. It is being printed and distributed with the assistance of the
Federal Aviation Administration so that it can be made avziiible to schools
throughout the United States who wish to establish similar courses.

*In this aeronautical science guide, both aviation and space studies have been

5 . included.
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The course outline is divided into eleven units. These may be used
singly or as the basis for an entire course, and may be organized into dny
order the instructor desires. The editorial committee selected those texts
and sources that, in their opinion, were leaders in the field and that best
suited this particular course outline. The sources are by no means all-
inclusive, but are intended to save the instructor a time-consuming search
through the massive amount of material available on the many subjects pre-
sented here.

This course guide was originally completed in June 1967 and since
then has been field tested and reviewed by appropriate aerospace govern-
ment and scientific organizations and individuals for accuracy. The
"Man in Space' unit was updated through July 1969, which includes the
mission of Apollo 11, plans for Apollo flights 12 through 20, the hand-
ling of precious cargo from the moon, and planetary probes from 1969 into
the 1980's.

It is hoped that teachers will incorporate *his guide into a loose-
leaf manual that they can keep up-to-date and supplerent with materials
and experiments. Any recommendations. for later revisiuns should be for-
warded to The California State Department of Education, 721 Capitol Mall,
Sacramento, California 95814, Attention: Mr. W. Earl Sams.

h,.'ﬂ




FOREWORD

Educational programs in California public schools are constantly
redesigned to meet currenﬁ as well as anticipated needs. The State
Department of Education has an oﬁgoing program to provide guidelines
ana materials to assist schools toward that end. ' This Course Outline
is part of that program.

Man's éonquest of the air and space should be recognized more
fully by the schools of California -~ the state with the greatest
aeronautics potential in the world. It is my hope thaﬁ California
public schools, as well as other schools throughout the counfry, will
utilize the material in this course of study. By so doing, they will
help to prepare students to meet the existing and future problems

associated with aviation and space.

MAX RAFFERTY'
Superintendent of Publié Instruction

XV




ACKNOWLEDGMENTS

The Department of Education 1s indebted to the South Bay Union High
School District, the Redondo Union High School, and Mr. Ted Misenhimer, Aero-

nautics Instructor, for directing the work of the Editorial Committee and for
a7
completing the publication.

Acknowledgment is made also to the following members of the Editorial

Committee for their contributions:

T. G. Misenhimer

"Aeronautical Science Instructor
Redondo Union High School

631 Vincent Park

David P, Mclaren

Secondary Science Supervisor
Los Angeles City Schools

450 North Grand Avenue

Los Angeles, California 90012

Miss Harriett Porch

Research Staff

The RAND Corporation

1700 Main Street

Santa Monica, California 90406

Ralph Scharch

R. W. Scharch Flight and Ground School
2761 Hollywood Way

Burbank, California 91503

Mrs. Inez W, Woods
Teacher

Los Angeles City Schools
1546 Rodeo Road ’
Arcadia, California

Gratitude is expressed also to the following persons who assisted

.. in the organization and content of this aeronautical science course of study: '




Stewart M. Angle

Mt. San Antonio College
1100 North Grand Avenue
Walnut, California 91789

Hal Corbett

Avion Air Flight School
2946 Fairchild Apron
Torrance Airport

Torrance, California 90505

Howard Critchell .
‘Bates Foundation for
Aeronautical Education
Harvey Mudd College
Claremont, California 91711

Mike Donahoce

National Aeronautics and Space
Administration

Educational Programs

4800 QOak Grove Avenue

Pasadena, California 91103

Alan L. Hoffman

Cessna Aircraft Company

Wichita, Kansas 67200
(formerly with Awviation High School
Redondo Beach, California)

Eugene S. Kropf

-Federal Aviation Administration
5651 West Manchester Avenue

P. 0. Box 90007, Airport Station
Los Angeles, California 90009

Marshall Lakin

San Bernardino Valley College
701 South Mt. Vernon Avenue

San Bernardino, California 92403

Mervin K. Strickler, Jr.

Special Assistant for Aviation Education

Federal Aviation Administration
800 Independence Avenue S.W.
Washington, D, C. 20590

Robert F. 0'Neil

Special Assistant for Aviation Education

‘Federal Aviation Administration
800 Independence Avenue S.W.
Washington, D. C, 20590

Xviii-e

ACKNOWLEDGMENTS (Cont'd)

Lloyd P. LaPlant

Grossmont High School

P. O. Box 43

Grossment, California 92030

Jeffrey L. Lee

Art Student

Redondo Union High Schecol

631 Vincent Park ‘
Redondo Beach, California 90277

John McBeath

Novato High School'

625 Arthur Street
Novato, Califormnia 94927

Jack E, Mulkey

Coalinga Juniocr College
300 Cherry Lane

Coalinga, California 93210

Warren Susan

Laney College

1001 Third Avenue
Oakland, California 94606

Walter C, Van Emon
Novato High School

625 Arthur Street
Novato, California 94927

Albert D. Vance

Coalinga College

300 Cherry Lane

Coalinga, California 93210
(formerly with Glendale College)

Howard H, Winter

Elk Grove High School

9800 Elk Grove-Florin

Elk Grove, California 95624

W. Earl Sams, Consultant

Bu. of Elem. and Secondary Ed.
Calif. State Dept. of Ed.

721 Capitol Mall

- Sacramento, Calif. 95814

(Mrs.) Pat Jackson, Editorial Ass't,
Aviation Education Staff, FAA
Washington, D, C. 20590




EDITORIAL RATIONALE

As society evolves, the needs of man change. If schools are to aid
in fulfilling those needs, then their curricula must be flexible. Fifty
years ago Greek was part of the classical course in secondary Schools; today,
driver education seems more pertinent; and it is not too far-fetched to be-
lieve that aeronautical training could soon be mandatory.

Cultural lag is defined as the time between discovery and acceptance-.
Once a President ordered a bathtub removed from the White House because it
was "indecent'; automobiles often were called '"contraptions of the devil''.
Today, there still lingers some reluctance to include aeronautical science
in the secondary curriculum.

Why should such a course be offered? What are the advantages of
teaching aeronautical science in high school?

If the purpose of schools is really to educate, students first must
learn how to study, how to read of their own volition, and how to search and
research beyond minimum assignments. Few subjects arouse this burning inter-
est in students. Aeronautical science does! The same science student who
experiences Bernoulli's theorem for only a few months until he has passed
his final examination will never forget that theorem if, in an aeronautical
science course, he has seen its application in creating lift and making an
airplane fly.

How can an educator expect a secondary mathematics student to care
how many oranges he can buyffor a dollar? That same student, in aeronauti-
cal science, will enjoy solving complex mathematical problems in navigation.
Why? The answer, of course, is motivation. Volumes have been written on it,
but a disproportionately small amount of it is generated in the classroom.
Aeronautical Science has built-in motivation that naturally involved gcod
study habits simultaneously with the attainment of knowledge. But what kind
of knowledge?

In terms of the standard curriculum, aeronautical science offers much
in earth science and even more in physical science. Laws of temperature,
pressure, motion, density, action of gases, light, images, sound, magnetism,
and gyroscopes are approached with enthusiasm.

Mathematics is the essence of navigation. And in the weight and bal-

ance problems of loading an airplane, a student works with center of gravity,

" levers, and moments. Science and mathematics are intricately interwoven in-
to a subject with tremendous student interest,

Aeronautical science strengthens the social studies concepts of geog-
raphy; maps and globes are vital to the understanding that the student
craves, And he reviews solid geometry in projections, great circle routes,
and rhumb lines, The student realizes that great circle routes bring the
farthest point on the globe, be it friendly or alien, within reach of a few
hours by air. The history of aviation is largely the history of man's
accomplishments from da Vinci-to the present.

\la ; : xixg +- i




In the area of language skills, the astronautical science student
meets and masters many terms that will be part of the popular vocabulary a
few years hence. Such terms as "apogee' and "perigee" are more than mere words
to increase his vocabulary -- they are concepts. A student's oral skills are
sharpened as he perfects his pronunclation for clear radio transmission.

In short, aeronautical sclence is in itself a course rich in learn-
ing and it is a highly motivating course which reinforces the learnings in
many other subject fields. '

The Education Code of the State of California, Section 8401, says, in
part: "The Department of Education shall aid and assist local school districts
in the development and conduct of a program of aviation education. The Divi-
slon of Aeronautics may aid and assist in the selection of airports and pilots
used by the local school districts in flight indoctrination and instruction."
Sections 8402, 8404, and 25519 also pertain to the inclusion of aeronautical
training in the public schools of California.

Why should the State Department of Education encourage aeronautical
training? One reagon might be that the Bureau of Labor statistics indicates
that more people are employed in the aerospace industry than in any field
other than agriculture in the United States, and California has the lion's
share, More than one-third of all missile -and space workers in the United
States are employed in California; the giants among the aircraft manufac-
turers line the state's coastline. We believe the public schools have the
responsibility to prepare students for participation in the industry that
will employ a great percentage ‘of them.

We belileve that the public schools have a further responsibility
in the area of national security. - At present, there is an acute shortage
of trained mechanics, expert electronic (avionics) repairmen, and pilots,
both civilian and military. Students should acquire an elementary knowledge
of aeronautics, of the military uses of aviation both for offense and for de-
fense, and thus realize the extreme necessity of air power in national security.

The public schools should teach students the importance of aeronau-
tics and astronautics to the eccnomic well-being of the nation and, more
particularly, to the financial strength of California. The public schools
should explore with students the multitudinous career opportunities in aero-
space both military and civilian.

We believe there is no course offered at high schcol level that can
match or approach aeronautical science, either for the incentive it holds
for higher education to the college-capable student or for the, job placement
opportunities it explores with the student who goes to work immediately from
high-school.

This, then, 1s the rationale, the reason for being, of an aeronaugi-
cal science course for California high schools. The content in this course

of study 1is rich and rewarding. 1Its beneficilal effects on students are great
and lasting.

T. G. Misenhimer
David McLaren
Harriett Porch
Ralph Scharch
Inez Woods
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BASIC AERONAUTICS

-

INTRODUCTION

Certainly Daedalus and his son Icarus must have been students of aero-

nautics, for they were among the first legendary men to fly. They fashioned wings

from feathers and wax. Attaching them to thelir arﬁs, they were able to fly
with a vigorous flapping motion. Of course, this was a myth. But, as the
legend continues, Icarus became a statistic when he experienced structural
failure while flying too close to the sun where the heap melted the wax on
his wings. Should we alsovéonsider this thc first "heat barrier?"

Even the student who has not studied Aeronautical Science knows that
Orville and Wilbur Wright were the firét to fly a heavier-than-air powered
craft, and that Icarus' high flying would have resulted in a cooler atmos-
phere. And, even thcugh Leonardo da Vinci said, "A bird is an instrument
working according to mathematical law, which instrument it is within the
capacity of man to reproduce with all its movements,' the youngster of today
knéws it is virtually impossible!

Every student coming to our secondary schools today has a certain
built-in knowledge aﬁd awareness concerning all that is about him. He is
the possessor of so much knowledge that da Vinci, with all of his brilliance,
would have stood in amazement at what a 15-year-old'knows.

Herein lies the challenge! This 15-year-old of today needs to build
upon that which he experiences day by day. The technological agev5urround-
ing him demands his understanding ;ﬁd knowledge. We are constantly being
encouraged to motivate and challenge our students, What better way than

through the media of the 20th Century subject, Aeronautical Science.

Therefore, we start at the beginning, the Basics of Aeronautics,

19
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BASIC AERONAUTICS

TO THE TEACHER

Included in this unit of the Course of Study are:

The earth's atmosphere
Theories of flight
Forces during flight
Alrcraft structure
Stability

Control during flight
Flight instruments
Reciprocating engines
Reactiocu engines
Helicopters

OWwWO~NNOWLD™WN -

—

To any serious student of the subject, the basics of aeronautics
should be well understood before pursuing the other areas of study.

Undoubtedly, the areas listed above do .aot cover all that would be
required of an Aeronautical Engineer. However, with the items as listed, and
their references, an individual could very well prepare himself in this area
for the private and commercial license. Moreover, and possibly what is more .
important, a new approach to the study of Physics and Physical Sciences is
evidenced here and in other units to follow.

The attempt has been made to relate most features of this study to
a scientific principle, demonstration or experiment. The endeavor is not to
supplant the study of Physics or any of the Physical Sciences, but to moti-
vate, through this captivating vehicle, Aeronautical Science.

" The teacher will find it advisable at times to énlist the aid of
the Physics teacher in such areas as demonstration equipment and possibly in
the capacity of a team teacher, ’

Following the outline of Basic Aeronautics is a description of the
basic Laws of Motion, several pages of experiments and demonstrations related
to this unit, and references, film list and aids.

This unit can. be one of the most rewarding to the student and teacher
because both will continually be discovering new facts. Use of the films as
listed will augment lecture, exercise and demonstration.

As the course progresses, many students will become interested in
flying, if they have not already done so. Therefore, a very particular aim
in this first unit of study is to prepare all students well enough so that
those who eventually go on into flying will have a thorough knowledge of the

basics.

20
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BASTC AERONAUTICS

I.

II.

UNIT OUTLINE

The Earth's Atmosphere

A. Physical properties.
1. M»olecules.
a. Brownian movement.
b. Diffusion

2., Composition of the atmosphere.

3. Density.
a, Archimedes' Principle,
b. Effect of humidity,

4. Pressure,
a, Torricelli's experiment.

b. Pascal's Principle
Example: Uniform
pattern of spray
from the entire
length of a per-
forated hose,

c. Archimedes' Principle,

d. Atmospheric pressure.
e. Weight of air.

B. Phenomena and structure of the
atmosphere.

Theories of Fliéht

A. Daniel Bernoulli's Principle,

B. Incompressible flow equation.
(dynamic pressure)

C. Stream tube,

_exerted by the confined fluid
""acts at right angle to every

Misenhimer - Basic Aero-
dynamics Unit

Van Sickle, pp. 4-5,

See Precipitation Chamber,
Fig. 1.

Van Deventer, pp. 4l-45.

Van Deventer, pp. 41-44.
Every object in the atmos-
phere is buoyed .up by a force
equal to the weight of the
alr it displaces. See Fig.2,

Van Deventer, Experiment,
p.45.

"Pressure applied anywhere on
a confined fluid is trans-
mitted undiminished in every
direction. The force thus

portion of the surface of the
container, and is equal upon
equal areas."

"The buoyant force which a
fluid exerts on a body placed
in it 1s equal to the weight
of the fiuid che body dis-
places."

Van Sickle, pp. 5-6, 237.
See Figure 3.

Van Sickle, p. 9 (Chart)
FAA motion pictdxe - "How
Airplanes Fly"

Van Sickle, p. 46.

Van Deventer, pp. 51-55.
See Figures 4, 5, 6, 7, 8, 9,

Van Deventer, p. 53.

Tower, p. 13.
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K

J.

Venturi tube,

1. Definition,

2, 1Indicate relationship between
Venturl tube and airfoil.

Air Folil.
1. Nomenclature,
a. Chord.

b. Camber.
c. Leading and trailing edge.
2, Top action.

3. Skiing action,
(angle of atéack)
a, Newtonfs Third Law

b. Deflection.

]

C. PercenL of total lift.
Streamlining,

Factors affecting 1lift,
1. Speed.

2. Density.

3. Angle of attack.

Relative air flow.
1. Angle of attack.
2, Angle of incidence,

3
Resultant force.
1. Life, . - e
2, Drag.
3. Reshltant.

Stall.
1. Burbling.

-

N2
I\

Van Deventer, p. 51,
Tower, p. 14

Tower, p. 18.

Van Deventer, pp. 53-55,
115-120.

Van Sickle, pp. 44-45,

Tower, p. 15.
Van Deventer, p.55, Fig. 4.
See Figures 10, 11, and 12.

Tower, pp. 16-17.

"For every action there is
an oppcsite and equal re-
action."

Van Sickle, p. 48,

Van Deventer, p. 55.

See Figure 12,

Van Deventer, pp. 64-65,
Van Sickle, pp. 46-47, 55,
Van Deventer, pp. 55-56.
Van.Sickle, pp. 48, 296,
Tower, p. 17.

Van Deventer, p. 55.

""A fixed angle between the
plane of the wind chord and
the 1ine of thrust or any
other longitudinal line which
is level when the fuselage 1s

~ level longitudimallye¢ The

angle of incidence is always

a fixed angle except in a few
rare cases where variable in-
cidence wings have been tried.

Van Deve:ter, p. 58, Fig. 11,

FAA's "Private Pilot's Hand-
book of Aeronautical Knowlgdgé,”
AC-61-23 - S
Tower, p. 17.  »°

Van Deventer, pp. 75-77.

-~




BASIC AERONAUTICS

2., At landing,
3. Stall warnings.
4. Warning devices,

K. Aspect ratio. Van Deventer, pp. 60-63.
1. Tip vortex. Van Sickle, p. 54.
2, Total wing drag. Van Sickle, p. 53.

3. Examples of high aspect ratio.
a. Gliders.

b. U-2,
ITI. Forces During Flight Tower, pp. 20-23.
Van Sickle, pp. 41-42.
A. Life, Van Deventer, p. 70.
. - Use Wind Tunnel to demon-
B. Drag. « strate, see Figure 12.
I, Profile
2, Parasite, ' Van Deventer, p. 59.
3. Wing.
4. Induced.
C. Gravity. e
3 D. Thrust. See Figure 13,
K 1V. Adrcraft Structure Tower, p. 24.
A, Parts of an aircraft. See Figure 14 for nomencla-
1. Fuselage ture,
2. Wings Van Deventer, pp. 138-140,
3. Empenage. Van Deventer, p. 145.
4., Powerplant,
a., Reciprocating. .
1. Opposed.
2. Iniine.
3. Vee.
; 4, Radial.
‘ 5. Rotary.
b. Reaction. '
5. Landing gear. ‘Van Deventer, pp. 146-157.
a. Conventional. Van Sickle, pp. 99-105.
b. Tricycle. ) - Above and Beyor , Vol. 1
c. Cantilever, -
d. Spring steel.
e. Retractable,
f. Fixed.
g. Crosswind.
h. Shock struts.
i. Brakes,
j Floats and hulls.
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Stresses.
1. Types.
a. Tension.
b. Compression.
¢. Shear.
d. Bending.
2. Strain.
3. Modules of elasticity,
4 Load factor.

Stability

Axis of airplane.
1. Roll (longitudinal);
control surface-aileron.
2, Pitch (lateral);
control surface-elevator,
3. Yaw (vertical);
control surface-rudder,

4, Methods of building in stability.

a, Dihedral.

b. Sweepback.

c. Keel effect.

d Vertical fin.

e Position of center of
gravity in relation to
center of lift.

f. Weathervane effect.

Degrees of stability.
Positive static stability,
Negative static stability.
Neutral static stability.
Dynamic stability.

Dynamic instability.

TS W N

Longitudinal stability.

1. Minus lift tendency.

2, Center of 1lift, .center of
gravity relationship,

Lateral stability.
1. Dihedral.

2. Keel effect.
3. Sweepback.

Directional stability.

1. Sweepback.

2, Vertical fin.

3. Weathervane effect.

4. Area fore and aft of center
of gravity,

Tower, pp. 25-28,
Van Deventer, p. 136.
Van Sickle, p. 87.

See Basic Laws of Motion at
the end of this unit out-
line, pp. 14-15.

Van Deventer, p. 137.

Van Sickle, pp. 44, 85-86.
Tower, p. 60.

Van Deventer, pp. 85-92,

Van Sickle, pp. 62-66.
Tower, pp. 60-66.

Van Deventer, pp. 81-83,
See Figure 15, o

Van Deventer, p. 89.

Van Deventer, p. 89.
Van -Sickle, p. 64.

Van Deventer, p. 91,
See Figure 16..

ERIC ~ - ed




BASIC AERONAUTICS

F. Torque.
1. Theories
a. Gyroscopic.

b. Spiraling slipstream.

c. Reactive force.

2. Correcting for torque.
a., Wash in - wash out;
offset fin.
b. Contra-rotating pro-
pellers,
¢c. Reaction engines.
3. Torque during:

a., Takeoff.
b. Climb.
c. Cruise.

VI. Control During Flight

A. Basic mancuvers.
1* Bank and turn.
2. Climb and dive.

B. Basic cockpit flight controls.
1. Rudder pedals,
2., Stick or wheel,
3. Throttle.

C. Basic control surfaces.
1. Rudder
2. Ailerons.
3. Elevators.
4. Flaps, types:

a, Simple.

b. Slot.

c. Split. >

d. Fowler . S
e. Zap. ._Sj

D. Unconventioﬁal controls,
1, Elevons - F4D.
2. Ruddervators - Bonanza.

Precessing force that is set
up at right angles to rotat-
ing propeller.

See Figures 17 & 18,

The spiraling wash of the
propeller impacts the vertical
fin at a slight angle, thus
forcing the tail to the right
and yawing the nose to the
lefet.

Newton's Law of Action - Re-
action: Air moved counter-
clockwise by propeller is
countered by a left rotating
force on the aircraft's longi-
tudinal axis.

Above and Beyond, Vol. 6

Rudder trim,

Van Deventer, pp. 92-98.

Use stick model with controls
and control surfaces to demon-
strate. Also, use Link Trainer.

Beech Aircraft Corp. - motion
picture '"Discover Flying"

Van Deventer, p. 064,
Van Deventer, p. 66 for com-
parative effectiveness.

Above and Beyond, Vol. 1
Above and Beyond, Vol. 1
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3. Spoilers - P61l.
4, Stabilator (slab tail).

E. Auxiliary control surfaces.
1. Trim tabs.
2. Balanced controls.

VII. Flight Instruments

A, Pitot-static group..
1., Airspeed indicator.
2. Altimeter.
3. Rate of climb,

B. Pitot-static tube.
Impact pressure .
Static pressure.
Baffle plate,
Riser. .
Heating elements,

W W N R

C. Airspeed indicator.
1. Differential.pressure.
2. Hollow diaphragm,
3. Errors.
a, Installation,
b. Compressibility.
c., Air density.
"4, Types of airspeed,

a, IAS,
b, CAS.
c.- TAS,

5. Dial markings.

D. Sensitive a1timeter.
1. Simple aneroid barometer.
2. Altimeter setting,
3. Errors.
4, Pressure altitude,.

Above and Beyond, Vols 1, 2, 3.

Above and Beyond, Vol. 4.

Van Deventer, p. 95.
Van Deventer, pp. 95-96
Above and Beyond, Vol. 7

Use cutaway instruments to
show parts; use Link Trainer

to demonstrate flight instru-
ments. Also refer to Exhibit 1.

Van Deventer, p. 220, Ch.10,
Van Sickle, p. 185, Ch.6.

See Figure 19.

Above and Beyond, 'Vols.1,7,9.

Van Deventer, p. 224,

Above and Beyond, Vol.l

E. Rate of climb. (Vertical Speed Indicator) -

1. Diffegential pressure,
2. Calibrated leak.

F. Magnetic compass,
1. Details of construction.
2. Principle of operation.
3. Magnetic variation.
a, Isogonic lines.
b. Agonic line. - .
4. Compass deviation. 2‘)

Above and Beyond, Vol.13

Van Sickle, p. 556.
Van Deventer, pp. 228-229,
Tower, pp. 148-155.

Van Sickle, p. 557.

e




BASIC AERONAUTICS

G. Gyroscopic instruments. Van Deventer, p. 230,
1., The gyroscope. :
a. Rigidity. See Figure 17, and '"Gyro-
b. Precession. scopic Motion'', Figure 18.

2, Bank and turn.
a. Gyro rotor,
b. Vacuum generator,
1, Engine pump.
2. Venturi tube,

c. Response to turns.
d., Damping.
e. Inclinometer,
3. Directional gyro. Van Deventer, p. 233,
a. Operation.
b. Not north-seeking.
c. Caging.
d. Setting the directional
gyro.,
4, Attitude indicator,
a. Other names, .
b. Methods of driving gyro. van Sickle, p. 190,
H. Loads. Tower, p. 24,
1. Stresses Van Deventer, p. 136.

a. Compression, '
b. Tension,
c. Bending.
d. Torsions,
2. External loads.
a. During flight, Van Sickle, p. 82,
(1) Wing loading, )
(2) Maneuvering loads.
(3} Gusts.
b. Dynamic loads.
(1) Flutter,.
(2) Divergence,
(3) Aileron reversal,
c Load factor. <

) (1) g force, Van Sickle,\pp. 226,325,318,
(2) Flexibility. .

VIII. Reciprocating Engii-s. Van Deventer, p. 169,

—

AY

N Van Sickle, p. 136.
A. History of development,. Tower, p. 29.
Van Sickle, p. 118,

B. Types.

1

2, - Vee,

3. Double Vee (fan).
4, X type.
5

)

. Opposed.
. . Single  row radial.
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7.
8.

Double row radial.
Rotary (obsolete).

C. Four stroke cycle.

1

2.
3.
4.

Intake.
Compression.
Power.,
Exhaust.

D. Basic engine parts.
(nomenclature and function)

15.

Cylinders,

Valves,

Camshaft,

Push rods.

Rocker arm assembly,
Pistons,

Piston rings.

Wrist pin.
Connecting rod,

Master rods (radial engines),

Bearings (rod inserts),
Crankshaft.
Crankcase.
Accessories,

a. Carburetor

b. Fuel injection.
c. Pumps

1. 0il.

2. Fuel,

3. Vacuum.
Magnetos,
Generator,
Starter,
ysktems.

Induction.
Ignition,
Exhaust, -

Dual.
Lubrication,
Cooling.

RO OO O WL O QL

E. Performance,

1.
2.

Regulating power,.
Power indicators.

a., Tachometer.

b. Manifold pressure.
Measuring power.

a, Torque,

b. Prony brake.

Tower, pp.30-31.

Above and Beyond, Vol. 11

Van Sickle, pp. 142-143,

Van DeQenter, pp. 180-181.

..
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Fuels.
1. Types.
2, Fueling precautions,

a, Static line.
b. Fuel vapors.
c. Condensation.

Fundamental engine requirements,

SNV PWwW N =

Low weight over horsepower.
Reliability,
Durability.
Compactness.

‘Freedom from vibration,

Low fuel/oil consumption,

Superchargers.

1.
2,
3.

Performance without,
Performance with,
Construction.

a, Impeller,

b. Diffuser.

c. Manifold,

"Types,

a., Two-speed single stage.
b. Twefstage turbo exhaust.

Engine instruments,

~Nou S WwN -

Purpose,

Tachometer.

Pressure gauge, "

Qil temperature.

Cylinder head temperaturec.
Manifold pressure.

Fuel gauge.

Engine controls,

1
2,
3
4
5
6

Propellers.
1,

Throttle.
Mixture control.
Carburetor heat,

 Propeller pitch.

Ignition (magneto switch)
Master switch.,

Theory.

a, Momentum,

b. Blade element.
Tip speed.

Propeller components.
a. Hub. '

b. Blade.

c, Tip.

BASIC AERONAUTICS

Briggs & Stratton engine for
classroom demonstration of '
the fundamentals of recipro-
cating engines,

Van Deventer, p. 176.

Van Sickle, p. 144
Van Deventer, p. 183.

Tower, p. 33.
Van Deventer, pp. 191-193.

Van Deventer, p. 193.
Van Sickle, p. 120,

Tower p. 25, Ch.V,
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d. Leading edge.
e, Trailling edge.
© £. Pitch (working pitch).
4, Types of propellers.
a, Fixed pitch, Above and Beyond, Vol.10
1. Wood,
2, Metal,
b. Adjustable pitch,
c. Two-position propeller,
d. Variable pitch,.
1. Electric.
2, Hydraulic.
3. Mechanical,
e. Constant speed,
f. Feathering.
g. Reversible pitct.

Consult: A Source Book for
IX. Reaction Engines the Physical Sciences, pp.
359-365.

A, Newton's Laws of Motion,
No. 1, No. 2, and No. 3.

B, History of development. See Figure 20,
Hero's Aeolipile

C. Rocket motors. Van Deventer, p. 201.
D. Thrust horsepower, Van Deventer, pp. 202-203.
E. Gas turbine function. Van Deventer, p. 203.
F. Components of jet engine. Tower, p. 43.
1. Intake. Van Deventer, pp. 204-217,
2,  Compressor.
3. Combustor. Use Revell model of a turbo-
4. Turbine, prop engine, 501 D-13.
5. Exhaust.

G. Classification of turbo jet
engilne,
1. Axial-flow compressor.
2, Centrifugal flow.
3. Dual axial-flow.

H. Variable inlet,

I. Afterburner, Above and Beyond, Vol, 1

J., Varilable-~area orifice,

K. Thrust reverser,

L. Exhaust silencer.
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Turbofan.

Turboprop.

Other reaction-type engines.
1. Pulse jet.
2. Ram jet,

3. Rocket.
a, Solid fuel,
b. Liquid fuel,

X. Helicopters

£ A,

Types.

1. Single main rotor and

tail
Twin
. Twin
Twin
Twin

[« 2NNV, I & N OV I V)

rotor,

coaxial rotors,
outboard rotors.
intermeshing rotors,
tandem rotors,

Single rotor with outboard

propeller,

Aerodynamics,

v~

Hovering

Airfoil design.

Forces on rotor blades,
Coning angle.

. Rotor disc,

Flight controls,

flight,

Horizontal flight.

Drag

. Dissymmetry of lift,
Flapping hinge.

hinge.

. Tilting the rotor disc.
. Torque correction,

1
2
3
4, Articulated rotor,
5
6

Autorotation.

Refer to exhibit 2.

"Engineered for Power,"
Solar Aircraft Co,

Van Deventer, pp. 385-396,
Van Sickle, p. 656-684,
Tower, p. 67.

Van Sickle,p. 672.

Van Sickle, p. 665.
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BASIC LAWS OF MOTION

Basic laws of motion lead to an understanding of the forces acting
upon an airplane in flight:

1.

Gravitational Force: The attraction between the earth and
all bodles on or near it. This force between two bodies is
directly proportional to the product of their masses and is
inversely proportional to the square of the distance between

~them:

MiMp

2,
r

Inertia: Objects at rest tend to stay at rest and objects in
motion tend to continue in motion along the same straight
line and without chagéing speed, unless acted upon by an out-
side force.

Linear Acceleration: The first law of motion implies that

force is necessary to accomplish the following:
A, To set an object in motion.
B. To change the rate of an object already in motion,

C. To change the direction of a moving object;
an object's acceleration is directly propor-
tional to the force producing the acceleration.
Also, it is inversely proportional to the mass

of the object being accelerated.
‘&\

¢

Centripetal and Centrifugal Force: Centripetal Force causes a

body, already in motion, to move in a curved or circular path.

Centrifugal Force is the apparent force thét is equal te and fn
the opposite direction from the Centripetal Force )
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5. Momentum: Momentum is measured by the product of its mass and
velocity. ¥

6. Conservation of Momentum: Whenever one body attains mcmentum,
some other body acquires an equal and opposite momentum,

7. Relative Motion: Most motion studied in aerodynamics is rela-
tive motion, The pilot must be concerned with the wind direction
relative to the ground.

8. Work: This is the result of the product of a force times the
" distance through which the force acts. Measuring force 1in
pounds, and distance in feet, the work accomplished is expressed
in foot-pounds.

W = Fx S A
9. Power: This is the unit as used in .aerc~autics for the measure-
ment of rate of work or’ power (horsepower). When a machine

accomplishes work at the rate of 550 foot-pounds per second or
33,000 foot-pounds per minute, the result is one horsepower.

10. Energy: The ability of a body to do work.

Potential: TIf work has been done in raising an

object to height against +the force of gravity,

the object is said to possess kinetic energy

equal to the work dome in bringing it up to its .
velocity,
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PROTRACTOR ‘
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Fig. 14 PARTS OF AN AIRPLANE

AN
(Courtasy Cessna Aircraft Company)
“l. Propeller 9. Fin and Dorsal 17. Pitot
2, ‘Landing Gear 10. Rudder 18. Door
3. Wing Strut 11. Elevator 19. Front Seat
4, Wing 12, Stinger 20, Windshield
5. Right Wing Aileron 13, Tailwheel 21. Engine Cowl
6. Right Wing Flap 14. Baggage Door ‘ 22, Navigation light (red)
| 7. Fuselage 15. Left Wing Flap ~
8. Horizontal Stabilizer 16. Left Wing Aileron :

lan}
37
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Fig, 15 TYPES OF STABILITY
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" GYROSCOPIC MOTION

Precession: Most of the phenomena of precession may be shown with
a bicycle wheel equipped with handles on the a&nds of its axle. The wheel is
given a spin by hand and one handle is slipped into a loop of string for
support. When the other handle is released, the wheel precesses about a verti-
cal axis while its own horizontal axis of spin slowly descends toward the ver-
tical. If the precession is accelerated by pressure on the unsunported end of
the axle in the direction of precession, the center of gravity rises. As the
spin of the wheel diminishes, the wheel precesses more rapidly, or the pre-
cession may be made more rapid by adding a weight to the unsupported end of
the axle., If the other end of the axle 18 supported in the loop of string,
the sense of spin being unchanged, the direction of precession will reverse.
From these simple phenomena, several of the important rules of gyroscopic mo-
tion may be worked out, such as the relation between directions of spin, torque,
and precession and the relation between the magnitudes of spin, torque, and

precession,

Since angular momentum is a vector quantity that may be conveniently
represented by a vector parallel to the axis of spin, the combination of two
angular momenta may be treated by the parallelogram law. Thus, whenever a
gyroscope is acted upon by a torque tending to produce rotation sbout an axis
perpendicular to the axis of spin, or of precession, the gyroscope will pre-
cess about a third axis perpendicular to the other two.

Fig. 18. GYROSCOPIC PRECESSION

i
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ADDITIONAL DEMONSTRATIONS/BASIC AERONAUTICS

VANE ANEMOMETER AND
WIND TNDICATOR
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RESOURCES
Materials:

Flight or Ground Simulator (Link, GAT 1, or Frasca Trainer)
Engine charts, etc.

Engines and parts

Propeller .

Assorted flight and engine instruments \

Model aircraft with movable controls and sﬁrfaces

Textbooks:

Above” and Beyond:.The Encyclopedia of Aviation and Space Sciences.
Chicago: New Horizons Publishers, Inc., 1968.

Joseph, Alexander, Paul F. Branaweln, Evelyn Morholt, Harvey Pollack
and Joseph F. Castka, A Sourcebook for the Physical Sciences.
New York: Harcourt, Brace & World, Inc.., 1961.

Tower, Merrill, Basic Aeronautics. Fallbrook, California: Aero Pub-
lishers, 1955. :

Van Deventer, C. N., An Introduction to General Aeronautics. American
Technical Soc1ety,1965

Van Sickle, Neil D., Modern Airmanship, 3rd Ed., Princeton, N.J.:
Van Nostrand, 1966, 769 pp.

Reference Books and Information:

Aviation Education Research Group, Science of Pre-flight Aeronautics
for High Schools. New York: Macmillan Co., 1942.

Bernardo. James V., Aviation and Space in the Modern World. New York:
E. P. Sutton & Po., Inc., 1968.

Burns, Elmer E., Frank L. Verw1ebe and Herbert C. Hazel Physics A

- Basic Science. New York: Van Nostrand Co., Inc., 1948.

Bush, . Robert E., Aeronautics, The First Step to Space. Washington,
D.C. NASA Space-Moblle Programs, Education Office, Goddard Space
Fllght Center.

Civil Air Patrol National Educatlonal Advisory Committee, Av1at10n
Study Manual. Washington, D. C.: Civil Air Patrol, 1949.

Dull, Charles E., N. Clark Metcalfe and John E. Williams, Modern
Physics. New York: Henry Holt & Co., 1960.

*Federal Aviation Administration, FAA Advisory Circulars:
~00-2 "Advisory Circular Checklist. (Latest Revision)
20-37A "Aircraft Metal Propeller Blade Failure," (4-4- 69)
20-43 "Aircraft Fuel Contamination," (9-3-65).
60-1 "Know Your Aircraft," (6-12-63)
61-16 '"Flight Instructor's-Handbook, (1-19-65). ($1.25, GPO).
6}-23 "Private Pilots' Handbook of Aeronautical Knowledge (5-27-66).
($2.75 GPO).

*See page 244 for informaticm on how to obtain copies.

NOTICE: Prices indicated herein are subject to change.

Q ‘ : ‘22;
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Gentle, Ernest and Charles E. Chapel, Aviation and Space Dictionary.

Los Angeles: Aero Publishers, Inc., 1961.
" Hicks, Betty, The Ground School Workbook. Ames, Iowa: Iowa State

University Press, 1965.

Misenhimer, Ted G., Aeroscience. Culver City, California: Aero Prod-
ucts Research, Inc., 1969.

Morgan, Howard E., Turbojet Fundamentals. Santa Monica, California:
Duglas Aircraft Co., 1965.

National Aeronautics and Space Administration, Aeronautics. Washing-
ton, D.C.: U.S.Government Printing Office, 1967.

National Aeronautics and Space Administration, The Shapes of Tommoxrrow.
Washington, D.C.: U.S.Government Printing Office, 1967.

Pope, Frances and Arthur S. Otis, Elements of Aeronautics. Yonkers-on-
Hudson, New York: World Book Co., 1941.

Pratt & Whitney, JT30, the Turbofan Engine & You. Division of United
Aircraft Corporation H '

Sanderson Films, Inc., Aviation Fundamentals. Wichita, Kansas: Sander-
son Films, Inc., 1967.

Sanderson Films, Inc., Pre-flight Facts. Wichita, Kansas: Sanderson
Films,Inc., 1966. ' ' e

Simonson, LeRoy, Private Pilot Examination Guide, 3rd Ed. 11516
Cherry -Avenue, Inglewood, California, 1964.

Solar Aircraft Company, Engineered for Power.

Weber, Walter B., Aeronautical Instrument Projects. Bloomington, Ill.
McKnight & McKnight, 1945.

Films:
*Beech Aircraft motion picture '"Discover Flylng , 1969, Color, 13 min,
*Federal Aviation Administration: :
"A Plane is Born,' (FA-602). 1968, Color, 27 min.
"How An Airplane Flies,'" (FA-703). 18 min.

*General Motors Corporation:
"ABC of Internal Combustlon." Color, 13 min. |,
"ABC of Jet propu1s1on." 1954 Color, 17 min.
*McGraw-Hill, "An Introduction to Jet Engines,”" (Code 65%100). B/W,
14 o*n,
*Piper aircraft, "Wings In Production," 27 min,
*Shell 0il Co., "History of the Hellcopter," 20 min.
*Sikorsky Aircraft Co.
"Detect and Destroy,' 15 min.
"Three If By Air," 14 min.
"Vertical Assault,'" 16 min.
*See pages 233 and 234 for addresses.

*Other Aids:

Aero Products Research Inc., Aeronautics course materials and instructors
manual.

A. V. Company, materials for private pilot course.

Civil Air Patrol, Demonstration Aids for Aviation Education. Reprinted by
the Federal Aviation Administration, GA-20, Wash. D.C. 20590

Jeppesen & Co., "Airplane Operation and Performance."

Piper Aircraft, various wall charts (2' x 3'). Instrument panel, aircraft
production, parts of an airplane.

Sanderson Films,Inc.; "Pre-flight Facts' and other course materials.

*See pages 245 and 246 for addresses.
_ A1
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BASIC AERONAUTICS

TURBINE —"\

INTAKE

'ZTHRUST REVERSER

COMBUSTION  SECTION AUGMENTOR -

/ -
TURBOJET

The turbojst is the basig engine of the jet age.
Air is drawn into the engine through the front in-
take. . The compressor squeezes the air to" many
times normal atmoggheric pressure and forces it
into the combustion section. Here, fuel ic sprayed
into the compressed air, ignited and burned con-
tinuously like a blow-torch. The burniag gases ex-
pand rapidly and blast rearward where they pass
through a wheel-with-blades called a turbine. The
.turbine converts son.e of the force of rapidly ex-
panding gases to’ rotational energy. This energy is .
transmitted by a shaft to the compressor which
packs in"more fresh air, After leaving the turbine,
tne- Kot gases blast their way out the rear of the
.engine, giving the aircraft its forward push . . .
.action, reaction!

s

POWER TURBINE

TURBINE

TUFRBOPROP/ TURBOSHAFT

A turboprop engine uses thrust to turn a propeller.
As in a turbojet, hot gases rushing through the
engine rotate a turbine wheel whicn in turn drives
the compressor. The gases then pass through_an-
other turkine called a power turbine at the end of
the engine This turhine is coupled to the shaft
which driv=. the propellar through gear connecticns.
A turboshaft is simila” to & turboprop engine differ-
ing primarily in the inb of the turbine shaft. Instead
»  of driving a propeller, the turbine shaft is connect-
i ' ed to a transmission system which drives helicopter
‘ rotor blades;” or, in the non:aviation field suck
diverse equipment as power generators, locomotive
booster engines and main propulsnon units for hydro ,"
fcll Shlp“.

EXHIBIT NO. 2

Here's how a jet engine operates ....

M

FAN  COMPRESSOR FAN TURBINE

COMBUSTION
SECTION

TURBOFAN

A turbofan engine is basically a turbojet to which
a fan has been added. Turbofans can be placed
either at the front or the rear of the engine. In the
case of a front-fan, the fan is driven by a second
turbine (or set of turbines) located behind the
primary turbine which drives the main compressor
Thie addition of the fan resuits in more air flowing
around the engine than through. it. This produces
greater thrust and reduces specific fuel consump-
fion at subsonic and cenain supersonic speeds

Sometimes, the fan and its driving turbine is
placed at the rear of the engine. In this location
the fan operates independently from the rest of the
engine. The jet engine exhaust gases simply pass
through the aft-fan turbine before exiting from the
engine. Rotatmg at high speeds, the fan compresses
additional air to supplement engitie jet thrust.

COMBUSTION SECTION
COMPRESSOR

TURBINE
— DIVERTER

IINTAKE

PN BLADES

11P TURBINE

TURBOTIP LIFT FAN

Turbotip lift fans supply powei for both vertical
take-off and landing and for straight and level flight.
For vertical flight, turbojet exhaust is directed to tip
turbines which drive the lift fans. The rotating fars
create a large column of Gool, low speed air for lift.
After vertical take-off, transntlon to forward flight is

"~ accomplished by maneuvering’ ‘contro! vgnes or

louvers mounted under sach wing fan. As sufficient
_.Speed is attained for wing-supported flight, the
~“diverter valves re-direct engine exhaust through
tailpipes and nozzles for high-s=c2d flight.

Courtesy Genera’l' Electric Co. AL
5 \
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METEQROLOGY

INTRCRUCTION

Weather has both blessed and plagued man since the beginning of
time. Early man sought shélter from the elements in a cave. He discovered
fire to warm himsglf. He learned to build on high ground or on stilts to
keep his home dry.. He discovered water repellent materials in which to
clothe himself. More recently, he invented air ggnditioning to cool his
abode. And yet man is still subject to the havoc Qrought by seasonal storms
and droughts. He repcatedly suffers from too much or too little precipi-
tation, wind, an& changes in temperature.

Understanding and forecasting weather is ¢ challenge to man! The
science of meteorology is the study of the most precious natural resource

of his planet -- the atmosphere, which as a determiner of life is the most

essential layer of the earth.
The sgudy of weather and its effect is old, sut, as a science, mete-
orology is «omparatively new. It incorporates much of the earth sciences
and more of the physicallsciences. Meteorology follows certain pasic laws;
theories may be tested un&er controlled laboratory conditions; experimental
measﬁrements and data may be used to substantiate or invalidate theéries;

‘ ) | ) | ,
answers may be modified by new discoveries; and, finally, thg findings‘may
be applied to anticipate, to forecast -- and yes -- to control weather.

In the understanding and practice of‘meteorology lies man's hope to
: | .
destroy‘hurricanes at sea, to induce preciﬁitagion to break a drougnt, to

dissipate fog ~- in short -- to become the master rather than be the victim

of the féf;es of the world in which he lives.

ERIC | Y
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METEOROLOGY

TO THE TEACHER

The Meteorology unit in the Aeronautical Science Course is intended
to help the student to accomplish the following goals:

To gain a useful knowledge of the atmosphere.

To learn to collect and classify data.

To draw generalizations from the total data.

To modify generalizations in the light of new
information.

To apply the conclusions that have been reached.

. To appreciate the benefits the atmosphere affords.
To respect the dangers inherent in weather.

. To understand the behavior of weather. _

To use to personal advantage the physical principles
involved in meteorology.

10, To become aware of the career opportunities in
meteorology in civilian and military life and in
space exploration. '

(YolNo BN Ne WV, P O N N

(é{"
Demonstrations throughout the course outline are described in
detail and may be found at the end of the course outline.

References throughout the churse outline are to sources listed at
the back of the unit on the page entitled ''Resources.'

i " A few concepts that teachers may want to impart to students early
in the unit are as follows: :

1. The three major elements responsible for the circulation of
the earth's atmosphere are the heat of the sun, the rotation of the earth,
and the friction between the earth's irregular surface. and the air itself.

2. Weather is the condition of the atmosphere at a certain place
at a given time. It involves various factors such as atmospheric pressure,
moisture, temperature, wind, clouds and -fog, and precipitation,

. 3. Ctlimate is the average weather in a locality over a number of
years. : - , : :

4, Oceans are the great thermostats of the/maritime climates,
whereas the continental climates are controlled more directly by the.sun.

.
oy

Aviation Weather Teletype Service -- The unit or. Meteorology can be
handled most effectively if the students have a chance to actually wuse
weather information. Teletype weather service can be procured. through the
local telephone company (AT&T;/yith the permission of the ESSA Weather Bureau,
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TO THC TEACHER (Cont'd)

Rates for teletype service vary from one location to another, but they
average about $100 per month for the teletype, $65 installation charge,

and about $25 per month for paper. The service best suited to this course
is Teletype Service A, operated by the Federal Aviation Administration with
the actual weather information coming from ESSA,

Traffic on Service A consists of: .

12-hour terminal forecasts

Winds aloft forecasts

Aviation area forecasts

In-flight weather advisories (AIRMETS and SIGMETS)
Notices to Airmen (NOTAMS) !

-

The teletype circuit runs 24 hours a day seven days a week. An
automatic paper roller is available to roll up the reports when the machine
is unattended. The machine can be shut off if desired. It is suggested
that students work individually or in groups of two or three to plot weather
maps and make forecasts. The machine is noisy so it should be installed in
a small room or closet which is separate from the classroom. \

To obtain aviation teletype weather seivice it is suggested that the
teacher take the following steps: (1) obtain a cost estimate from your .
local telephcne business office, (2) ‘write the Weather Bureau (ESSA) in

Washington D.C., at the address listed at the end of this unit for permis-
sion, and (3) order the service from your local teiephone business office
after permission ig granted by ESSA. e g . .

KEY TO AVIATION WEATHER REPORTS......

g
& o ‘6}' Q,o éq
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METEOROLOGY

UNLIT OUTLINE
FAA Aviation Weather;
I. The Atmosphere and Weather Sanderson Meteorology

o Records and Filmstrips.
A. .Composition of the earth's atmosphere, Misenhimer - Meteorology

: Unit.
B. . Temperature.

"1, ~Temperature measurement. Use Demonstration A.

2, Dailly range of temperature.

3. Temperatures aloft, Use Demonstration F,

4. Surface temperature distribut%oh. s
C. Atmospheric Pressure

1. Barometers, Use Demonstration C.

2. Station pressure and pressure varia-

tions. -

3. Sea lavel pressure. Use Demonstration E.

4. Pressure systems. :

5. Altimeters
D. Wind ’

1. Basic theory of the general circula- Van Sickle, p. 408.

tion.

2, Large wind systems.
3. Local winds.

E. Moisture
1. Changes of state, " Use Demonstration D.
2, Moisture content. A '
3.  Condensation and sublimation products. Use Demonstration J.

F. Stability
: 1. Lapse rates.
2, Stability determinations.
3. Some effects of stability and .
instability, o

G. Turbulence

1. Convective currents. Use Demonstration I.
2, Obstructions to the wind flow. :
3. Vertical wind shear and zurface winds.
4, Clear air turbulence. g
5. Categories of turbulence intensity. See exhibits 1 and 2,
H., Clouds
B _ 1. Cloud composition. :
‘ ' 2. Types of clouds. Vaa Sickle, p. 42..
3. Cloud recognition. ' Bryan, p.91. '
4, Cloud formation and structure, Use Demonstration G.

Cloud Charts
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I. Alr Masses
1. Source regions.
,,2, Classification of alr masses,
3. Air mass modification,
4. Alr mass weather 1in winter.
5, Alr mass weather in summer.
J. Fronts
1. Frontal structure, Van Sickle, p. 417.
2, The polar frormt. :
3. Factors influencing frontal weather. Use Demonstration B
4. Types of fronts, : : and B Alternate.
5. Frontolyslis,
5. Frontogenesis
K. Thunderstorms
1. Thunderstorm structure. Van Sickle,p. 448.
2. Classification of thunderstorms. '
3. Do's and Don't's of thunderstorm flying.
L. Icing . A
1. 1Inflight structural icing - types . Van Sickle, p. 435.
and effects.
2, Structural aircraft icing on the Use Demonstration H,.
ground. :
3. Pcwerplant icing. !
4, Cold weather operations. o
M. Common "IFR" producers
1 Ceillings and visibility.
2, Fog, haze, smoke, and precipitation.
3. Obscured sky.
II. Aviation Weather Services Field trip to nearest
: U.S.Weather Bureau
A. The nation's aviation weather system, Office ‘aiid/or FAA Flight
1. Weather bureau and the Federal =~ Service Station or
Aviation Administration. S military base wedther
» . 2. Weather commurications.! - ‘ service. - :
N : 3. Supporting functions.
; B. Weather observations Van Sickle, p. 420.
1. Surface weather observations.,
2, Pllot weather reports,
3. Upper air observations. .- h

C. Weather charts, _ .
. 1. Surface weather charts. '
: 2, Winds aloft charts. .
{ o B 3. Prognostic significant weather>charta.
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D. Aviation weather forecasts.
1. Terminal forecasts,
2. Area forecasts.

e

E. Using and helping the weather service.

1. Weather briefing services,

2, The accuracy of aviation weather fore-

casts.
III. Supplémentary Material on Weather
A, High altitude weather.
1. The jet stream.

2. Clear air turbulence.

B, Arctic weather.

(/ C. Tropical weather.
D. Soarilng wrather.
' Iv. Weather S!teflites » '
1
A, Beginnings of atmospheric observa-
tions ) )
1. International Geophysical Year,
1957-1958

2. Sounding Rockets
3. Orbiting satellites
a. Explorer VII

s

B. True weéther satellites
1. Types of satellites
2. Sensor equipment operation

" C. Information returned to earth
1. Data used for forecasting
2. Ground communications network
3. Data pfbcessihg satellite
information .
4. World %eather Watch Plan

I5
A

L

Van Sickle, p. 424.

Van Sickle, p. 429.

Above and Beyond, pp.

2459-2471; NASA Facts

Bernardo, pp;295-
297
Bryan, p. 135

Bernardo, pp. 292-295;
Bryan, pp. 137-138.
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EXPERIMENT I -~ Demonstrations

A, Radiant energy from the sun,
Place a thermometer n a bell jar so that it hangs free of
the bottom and sides. Evacuate the jar as much as possible

- with a vacuum pump. Record the temperature indicated.

Place the bell jar so that the mercury bulb of the ther-
mometer 1s in the direct sunlight. Record the temperature
change every five minutes until a constant femperature is
recorded. Since most of the air has beep’ removed from the
bell jar, any increase in temperature st be due to radia-
tion. Why 1s convection not a factor in this case?

+

B. Densities of fluids. ,
Place'a cardboard partition in the middle of a battery jar or
large beaker so.that it fits snugly against the sides separa-
ting the container into two equal parts, Carefully pour hot
water colored with red food coloring into one side of the
container., Pour ice cold water colored zreen or blue into
the other side. After the water in both sides has come to rest,
quickly but carefully remove the cardboard partition by sliding
it straight upward so as-to create as little turbulence as
possible. Observe the movement of cold water in relation to
the movement of the hot water. Gases are fluilds and, there-
fore, react scmewhat like the water, ‘pply the observations to
~ atmospheric movement, -
Densities of fluids - Alternate method,
Prepare the battery jar and partition as described above. Make
a concentrated salt water solution and color blue or green with
food coloring. Place fresh water colored red in one side of
the jar and pour the salt solution (sodium chloride) in the
opposite side. Remove the partition. The boundary between the
two solutions will slowly slant away from the vertical. The
heavier sa.c water will flow under and displace the lighter
fresh watcr. Apply this principle to lighter warm air masses
as compared with heavier cold air mastes,
C. Atmospheric pressure. : , :
Place about 25 ml of:water in an empty five gallon can. With
the 1id off, heat the can until the water boills and a good
‘quantity of water vapor forms at the opening where steam 1is
escaping. This will indicate that steam has displaced most of
the air from the can. Quickly tighten the 1id in place., Ob-
serve the action of atmospheric pressure on the container. 1If
desired, measurements of the dimensions of tke can may be made
before the demonstration-and the total force exerted on the can
calculated, using a standard atmosphere as 14.7 lbs. per square

g ' inch. :
o ' 53
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Dew Point.

Place some chipped ice in ‘a glass of water and carefully stir
with the bulb tip of a thermometer. Watch carefully for the
first dew formation on the exterior of the glass. Record the
temperature, Quickly remove the remaining ice from the glass
and watch for the dew to disappear from the glass. FRecord the
temperature immediately. The average of the two temperatures
is approximately equal to the dew point of the air in the room.
Caution: Students should not be close enough to the glass. for
their breath to reach the sides of the glass. Since our '
breath is‘ almost completely saturated with water at body tem-
perature, dew will form before the dew point of room air is
reached.

Vapor pressure related to atmospheric pressure.

Heat some water until it feels 'lukewarm" and pour enough
into a distilling flask to fill ‘it about half full. Insert a
thermometer into a one-hole rubber stopper and place the :
stopper in the mouth of the flask so that the thermometer buib
extends-below the level of the water. Attach the hose of a
vacuum pump to the side arm of the distilling flask so that
the air may be evacuated from the flask. As the air pressure
within the flask approaches the vapor pressure of the water,
the water will begin to boil. Hold the flask in cupped hands
so that the body warmth will ’ ‘crease the vapor pressure of
the water. Note.the temperature of the water as it boils.
Relate this to what would happen to body fluids should a per-
son fly high enough for the ailr pressure to equal the vapor
pressure of body fluids. Relate this to pressurized cabins,
Show that percentage of oxygen in high altitude air is essen-
tially thg same as that in low altitude air. Foint out the
importance of the oxygen partial pressure at high altitudes,

Rising air cools.’

Rising alr expands and must do the’ wUrk of pushing back other
particies in its environment. Energy is required to accomplish
this work. The ~nergy comes from the expanding gas and it is,
therefore, cooled, To demonstrate this cc¢aling,® inflate an
inner tube to a high pressure and allow the tube to remain in
the room for twenty to thirty minutes until the temperature.of
the air witiin the tubes is edqual to room temperature. Record

~'oom temperatiire by use of a thermometer, Place the mercury
bulb.of the thermometer in the stream of air which escapes
when the tube valve 1s opened. Find the decrease in tempera-
ture due to the expanding air as it 1s released from the in-
ternal pressure within the inner tube.

Condensation and cloud formation.

Fill & shallow container such as a baking pan with hot water,
Place it under.a bell jar -until the alr within the bell jar
is saturated with water vapor. Remove the pan and rapidly

. S 4 ) "_; ' ’1/;.
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evacuate the air from the bell jar with a vacuum pump. Observe
that the air in the jar becomes foggy when it 1is cooled by ex-
pansion to the saturation point,

Formation of snow crystals. (See Figure 1, Page 17)
Modify a styrofoam ice chest by cutting an observation window

in the front of the ice chest and inserting a pane of glass or
plastic, or tape a heavy acetate sheet in place over the open-
ing. Cover the bottom of the chest with dry ice sufficient to
lower thé temperature in the chest below 0° C. Cover the side
of the interior of the chest which 1s opposite to the observa-
tion window with black paper or cloth, Keep the chest covered
with the styrofoam cover until ready to use, Place a brilliant
light such as a "clamp-on" flood light with at least a 100 watt
bulb above it.e chest so that it 1lluminates the interior. When
ready for the demonstration, be sure that the observation win-
dow 1s free from condensation., Breathe directly into the cold
chamber. When observed through the observation window, the
dreplets from the water vapor in your breath will appear as a
cloud of water droplets and remain suspended in the cold air

or fall very slowly. Breathe several more times 1f additional
water droplets are desired. Pulverize a small quantity of dry
ice and sprinkle it irto the cloud formed from your breath,
Observe that the cloud begins to sparkle due to newly formed
ice crystals. The ice crystals will continue to grow for
several minutes and then precipitate to the bottom of the cham-
ber. The air in the chamber becomes clear and the demonstra-
tion may be repeated. ‘

Thermals and convection currents.

Use a convection box with a candle under one chimney. Make a
smoke geneg;tb' by rolling a paper towel tightly, lighting

the end é;ﬁ\gllp ing 1t to burn for fifteen to twenty seconds.
Blow out the fire by shaking the paper towel, Smoke should
continue to flow from the smoldering end for some time, Place..
the smoldering end_.of the paper towel over the chimney direct-
ly above the ‘burnirg ‘candle. Note the direction of movement
of- smoke, Place the éméldering'paper over the other chimney

'‘and observe the movement of smoke throngh the convection box..

Relats to convection currents in the atmosphere.

Oceans influence the weather,

The high specific heat of water, the fact that more heat 1s
required to warm water thar. to.warm almost any other sub-
stance, enables.oceans to influence the climate throughout the
world. This can be illustrated grapkically by using two
flower pots, one filled with dry soll, and one filled with

" water soaked sgil, and a pan of water. Place the three con-

tainers in a shady part of the classroom until their tempera-
tures are appruximately equal. Then place the three contain-
ers in the direct sunlight, preferably outside or by an open
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window., Measure their temperature every few minutes by extend-
iug the bulbs of thermometers into the soil im both pots and by
immersing a thermometer bulb in the pan of water., Plot the
temperature measurements versus tir.* of recording them on a
graph. Pupils should be able to account for differences in the
three temperature curves,

g,
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EXPERIMENT II -~ Student Laboratory Experiment

. /7
Establishing a weather station.

One vf the purposes of science classes in secondary schools is

that students learn to use the ways of the scientist to solve prob-

lems which have real meaning to them., Par:ticipating in the

functions of a weather station can provide direct . xperience in

the methods of science such as observing, recording, gathering and

classifying data, interpreting data, finding relétionships amony

data, predicting results, ard mciifying predictions and conclusions .

as new data becomes available. 1t 1is urged that the establishment
- of a weather station be given "igh priority when considering an

Aeronautical Science class.

The basic instruments recommended fcr such a staticn intlude:
Two barometers, an aneroid and a mercurial.

A maximum-minimum thermometer,

A sling psychrometer.

A rain gauge.

An anemometer,

A wind vane.-

A ba¥ograph (if possible).

A hygrothermograph (if possible).

O~ P W

A wtather station can function throughout the school year, giving
each student.an opportunity to be responsible for recording data
from each type of equipment by rotating areas of responsibility
among the students.

Field trips to government w:athexr stations should be included as
- part of the on-going activities of maintaining the weather station.
-~ Gathering a collection of’ various weather communications should be
included in the field trip activities. Samples of the fcllowing
should be obtained, if possible:
. 12-hour terminal forecasts (FT1l).
24-hour terminal forecasts (FT2).
Area forecasts (FA).
Winds aloft forecasts (FD)
- In-Flight advisories, AIRMET and SIGMET.

-4
AW =
L] * e

Setting up a weather: forecast display in a prominent display

- case can serve to. stimulate interest in the Aeronautical Science
class. The entire student bndy will learn to stop and read the
predictions,

It may be desirable to have students construct their own weather
_ instruments for economic reasons as well as the educational value
b - in the experience. Such home-made instruments often provide
a rezsonably accurate data.

»
[
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RESOQURCES

Texthooks: .

Above and Beyond: The Encyclopedia of Aviation and Space Sciences.
Chicagv: New Horizons Publishers, Inc., 1968.

Bernardo, James V., Aviation and Space in the Modern World. New York:
E. P. Dutton & Company, Inc., 1968.

Bryan, Leslie, Fundamentals of Aviation and Space Technology. Urbana,Ill.:
Institute of Aviation, University of Illinois, 1968.

Van Sickle, Niel D., Modern Airmanship, 3rd Ed. Princeton, New Jersey: Von
Nostrand, 1966.

Reference Books and Information:

*Federal Aviation Administration, FAA Advisory Circulars:
00-2 -~ "Advisory Circular Checklist” (Latest Revision)
00-6 Aviation Weather (5-20-63). ($4.00 GPO)
00-17 '"Turbulence in Clear Air" (12-16-65).
00-24 "Thunderstorms" (6-12-68).
61-23 Private Pilots' Handbook of Aeronautical Knowledge (5-27-66)
($2.75 Government Printing Qffice, Wash.,D.C. 20402
90-12 "Severe Weather Avoidance {4-15- 6&)
90-14A "Altitude - Temperature Effect on Aircraft Perf01mance (1-26-68).
90-22A "Automatic Terminal Information Service (ATIS)'" (10-9-68)
90-23A '"Wake Turbulence'" (12-21-65).
91-13 %“Cold Weather Operaticn-of Aircraft" (11-16-66).
¢i~14 "Altimeter Setting Sources' (2-15-67).
Misenhimer, Ted G., Aeroscience, Culver City: Aero Products Research Inc.
1969.
Stewart, G., The Storm. Modern Library Edition, New York: Random,House.
Van Deventer, C.N., An,Introduction to General Aeronautics. American Tech-
nical Society, 1965.

Weather, Uife Science Library, New York: Time Incorporated, 1966.
Weather Bureau (ESSA) - Pamphlets available from the U. S. Government

Printing Office, Washington, D. C., 20402, 5¢ each. Make check or
money order payable to "Superintendent of Documents’
Ice on Aircraft, Its cause and Effects. #C 30.65:2
Jet Stream, Band of Very Fast Winds Found at High altitudes. #C 30.65:3
Turbulence, Its Causes and Effects. #C 30.65:4
Mountain Wave, What it Means to the Pilot. #C 30.65:5
Fronts, Their Significance to Flying. #C 30.65:13
Aeronautical Climatology, Low Ceilings and Visibilities. #C 30.65:15
Thunderstorms, 2 Parts. #C 30.65:7 and #C 30.65:8
Aeronautical Climatology, Thunderstorms. #C 30.65:16

Weather, Forcasting The - Louis D. Rubin - New York: K.S. Giniger Co.,Inc.
(To be published early 1970) - $5.95.

*See page 244 for information as to how to obtain copies.
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Films:

Bell Telephone Company, ''Unchained Goddess.'
*Federal Aviation Administration:
”Density,Altitude {FA~6C3-A). 1966, Color, 29 min.
"Wake Turbulence,' (FA-610). 1966, Color, 14 min.
'""Meteorology - Ice Formation on Aircraft," (FAN-100), 1960,
B/W, 21 min,
""Fog and Low Ceiling Clouds - Advection Fog and Ground Fog,
(FAN=101). 1962, Color, 23 min.
"Fog and Low Ceiligg}Clouds - Upslope Fog and Frontal Fog." "=
(FAN-102). 1962. Color, 9 min.
"The Cold Front," (FAN-103). 1962, Color,15 min.
"The Warm Front," (FAN-104). 1962, Color, 18 min.
*National Aeronautics and Space Administration:
"Tiros, Experimental Weather Satellite,'" (Hg.a 25) 1960,
Color, 14 min.
"Tiros 11, Experimental Weather Satellite,'" (HQ a-31). 1961
Color, 6 min.
*Unitea States Navy
"Aerology,' Parts I and II (MN 7409-A and 7409-B).
"Hurricape Hupters," (MN-8339).
* Note: Refer to List of Film Producers and Distributors in back
of Course of Study for addresses. (See pages 233, 234, and
235.)
Othen. Aids:
*Aero Products Research, Inc., Private Pilot filmstrips and records.
* AV,.Co., Private Pilot filmstrips and tapes.

ESSA, Weather Bureau, W-154, ‘8060 13th St., Gramax Bldg., Silver
Spring, Md. 20910 Write for permission to install Aviation
Weather Teletype Service.

ESSA - CLOUDS - A folder of 8 panels providing color photographs
and descriptions of 26 cloud forms. Also description of how
clouds give hints to denote weather. Photographs of thunder
storms from weather radar scopes, For sale by Superintendent
of Documents, Item: ESSA/P 1680002. 25¢

FAA, Teletype weather reports may be obtained from your nearest FAA
Flight Service Station. (Consult your local telephone directory)

* Jeppesen & Company. Quick-reference plastic sheets, each With a con-
densed review of the following weather SubJects
Basic Meteorology. $1.95 (PD 101)

Fronts and Storms. $1.95 (PD 102)
Weather Maps. $1.95 (PD 103) ’ :
Teletype Weather Reports. $£1.95 (PD 104) |

"

. *Sanderson Films, Meteorology for the Private Pilot, filmstrip,

records and course manual. . .
Whittet & Shepperson Publishing Co., 3rd and Canal, Richmond, Va.

23204. Cloud Chart. This ¢hart‘cbntains 35 color photographs
to aid in the interpretation of cloud reports in the inter-
national figure code p1USeinformation on foretelling weather
by clouds, how clouds fogm, and what causes rain. (See Exhibit #3)

*See page 253 for addresses. ; 'ESEJ
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. CLOUDS 3 EXHIBIT #3 METEOROLOGY
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¥
CUMULUS homilis ALTOSTRATUS translucidus” ’ { ,‘

Fair weather clouds if \hey show no vertical development. Can buitd Precipitation likely in 10 to 15 hours if winds steady NE to S. .Sun
up and develop into cumulus congestus or cumulonimbus clouds. appears to be behind frosted glass. Other winds bring overcast sky.
. . . 5 a . - & o

. AlTOUMUlUS translucidus ‘ )
" T E . 3 3 . P
Water and ice clouds. Some prt - B2 e . umulogenitus usually biring precip-
hours if wind is steady NEto S. O %= .= N 2 » Y . Is, thunder showers, wind squalls.

. p 5 - .‘ : -
. . . [P a4 vy
H N . - . (- PIUE Lt i it
. I b viom s
. ¥ ) famcsy s a0
. - P AT g st W

CUM.ULONIMBUS a ' STRATOCUMULUS opzcus

Precipitation likely and soon coming usually from SW W to N. Dis- Immediate ihreatener of bad weather from a$prinkle to heavy pre-
dant clouds will often show an interesting anvil-shaped cirroform cap. cipitation. If at head of cold, front, gusty. winds or thunder shower.

R o1 % s . Xy

CUMULCNIMBUS mamma UMUI.ONIMBUS
' Seldom seen low to middie clouds. Associated with severe wind Precipitation likely and soon comirg usually from SW W to N. Dis-
squalls, hail, heavy precipitation, tornadoes and thunderstorms. tant clouds will often show an interesting anvil-shaped cirroform cap.

| El{l

PAFullToxt Provided by ERIC
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INTRODUCTION

Man walked....over hill and down vale, but around mountains which he
could not climb.
Man sailed....on the waterways of the world, but always around pro-
truding land masses.
Man flew....over wooded mountain and precipitous canyon, over flooded
river,mbur;ing.dﬁseFFawaQﬁuPQEBEM}9§ﬂE§PA
?o find his way, man looked into the heavens aqd found the stars to
gui;e him. He looked within and created electroﬁic devices to difect his
path. He learned to navigate almost as unerringly as Bryant's waterfowl.*
"There is a Power whose care
Teaches thy way along that pathless coast -
The desert and illimitable air -
Lone wandering, but not lost."
And man reflected that he might chart a course throughout life without efror.
"He whéi from zone to zone,

Guidéé'through the boundless skies thy certain flight,

In the long way that I must tread alone,

Will lead my steps aright."

'; * M"To a Waterfowl” by William Cullen Bryant

| £3
R .S




NAVIGATION

TO THE TEACHER

The Navigaticn unit in the Aeronautical Science course 1s intended to
help the student to acccmplish the following goals:

1. To increase map-reading skills.
2, To deepen scilentific understanding of laws and principles
" which apply to navigation.

3. To .improve mathematical skills through solving complex
navigational problems.

4, To gain greater understanding of geographic concepts.

5. To realize the international significance of great circle
routes.

6. To improve language skills through the use of radio trans-

. mission and through the mastery of an enlarged vocabulary.

7. To recognize both civilian and military career opportunities
in cartography, aerial photography in map-making, and navi-
gation. o

And for the student who becomes a pilot, this course is intended to help him:

8. To understand the principles of cross-country flying.
9. To know basic flight planning procedure,

References throughout the course outline are .to sources listed at
the back of the unit on the page entitled ''Resources."

I1f flight indoctrination is part of the Aeronautical Science course,

it is desirable to schedule the cross-country flight at the conclusion of
this unit on navigation. (See the unit on Flight Indoctrination.)

It is recommended that problem-solving be stressed. Ample practice
in the solution of wind-triangle problems should be given prior tq.the
introduction of problem-solving on the computer; students should under-
stand that solution on the computer is purely a transfer of the skill and
method developed in triangle solution.

o

C-.ZJ‘)
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11,

UNIT OUTLINE
The Earth
A, Location relative to sun and planets
B, Size relative to other planets,
C. Shape.
D. Basic movements,
1. Rotation on own axis.
2, Revolution around sun,
a, Equinox.
b, Solstice.
E., Latitude and sun relationships.

1. Measured N and S, equator to
poles, 0% to 90°,

2. Major lines of latitude.

F., Longitude and time relatilonships.

1. Measured E and W, Prime Merid-
lan to International Date Line,
0° to 180°,

2. Date change at International
Date Line: Monday in U, S, -
Tuesday 1in Japan.

3. 360 : 24 hours = 15 : 1 hour;

- 15 =1 hour; 1 = 4 min,of time.

4, Time zones In United States,

5 Zulu time and GMT.

Great clrcle routes,

1. Comparison to rhumb line

routes, .
2,7 1' on great circle = 1 nauti-
cal mile.

Projections.

A,

B.

Distortion .
1. Shape.
2. Size,

3. Relatilonships.

Types.
1. Conic (Lambert conformal conic).
2.  Polyconic .
3.  Cylindrical (Mercator).

a, Transverse Mercator.

b, Oblique Mercator.

NASA,

The Shapes of Tomorrow, p. 21.
Demonstrate with a planetarium,
Student makes mobile of solar
system.

Shine desk lamp on'globe in
semi-dark room.

Van Sickle, pb. 563-544

Misenhimer - Navigation Unit.

'U. S. Navy,

Time Zone Chart of the World

~Nauticai mile = 6,076,1 feet,

Knot 1s nautical mile/hour
(speed).

Use 1/2 grapefruit skin to
illustrate a hemisphere,
Force out flat, Skin will
stretch and tear. This is
distortion.

14-~15

Bauer, pp.

Deetz,

Elements of Map Projection

Film: 'Measuring and Map-
ping the World."




54

NAVIGATION

III.

IV,

4, Gnomic.
5. Stereographic.
6. Others.

Aeronautical Charts and Scales

Map

D,

Sectional - 8 miles/inch.

World Aeronautical Charts (WAC -
“ONC outside U.S. ) - 16 miles/inch.

Jet chart - 32 miles/inch.

Aeronautical planning chart -
32 miles/1inch.

Local aeronautical chart -
4 miles/inch (congested area)..

GNC chart - 80 miles/inch
(Air Force planning chart),

Reading

Topographic informatiou,
1. Drainage.

2. Culture.

3. Relief.

Aeronautical data. ,
1. Alirports and facilitles,
2. Airway navigation lights.
3. Radio range stations and

omniranges.
4. Variation
a. Isogonic lines.
b. True north.
. ¢, Magnetic north,
5. Miscéllaneous
a, Caution area.
b.~ Restricted area.
c. Prohibited area.

Legend.
1. Projection,
2. Scale.

3. Data on reverse side,

Correct method of folding.

Navigational Instruments

A-

Minimum ihstruments.

(398

Van Sickle, pp. 545-547.
Van Deventer, pp. 296-298.

U. S. Coast & Geodetic Survey,
outdated charts.

Van Deventer, pp. 299-301,
Van Sickle, pp. 547-551.

Sanderson Navigation Record
and Film Strip "A."

"Aerial Navigation-Map Reading'
"Highway in the Sky"

Van Deventer, pp. 301-302.

See a physics laboratory
manual under Kinematics--
Resolution of Forces for
experiments on navigation.

Sanderson Instrument Record
and Film Strip - See "B"
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B'

1. Clock. -

2., Alrspeed indicator - pressure
instrument.
a. Correctior for pressure-

altitude.
b. Correction
c. Mach meter
craft).
3. Magnetic compass.
Floating type.
British or ship type.
Acceleration error.
Nortt.erly turn error.
Deviation.
Compensating on compass rose,
4, Turn-and-bank indicator (needle-
and-ball) (turn-and-slip).
a, Needle indicates degree of
bank. ' '
b. Ball 1indicates coordination
of controls.
5. Altimeter - aneroild barometer.
a. Correction for temperature.
b. Correction for pressure.
c. Indicated-, calibrated-,
pressure-, true-, absolute-,
and density-altitude.

for temperature,
(supersonic air-

[ Wt I = VI o T o ol )

Additional iInstruments.

1. Gyro compass.

2, Vertical speed indicator.

3. Gyro horizon

4, Drift sight (used over water and
in military aircraft},

5. Radio instruments (See Radio
Navigation).

Methods of Navigation

A'

B.

Pilotage - landmark to landmark.

Astrogation (celestial).
1, Celeatial. charts.
2, Ailr almanac.

3, Sextant.

Radio and radar (See Radio Naviga-
tion.) :

‘Dead reckoning. :
track on chart as straight- -

1. Plot
line or serles of straight

lines.

g

Van Deventer, p. 302.

Demonstration of centri-
fugal and centripetal forces.

(Bucket of water spun at
arm's length will not spill,)

Sanderson Instrument Record
and Film Strip "C".

Use toy gyroscope to explain
theory of gyro-instruments.

Van Deventer, p. 275,

Plan fileld trip to observa-

tory.
NASA, The Shapes of Tomorrow

Film: '‘How Many Stars."

Sanderson Navigation Records
and Film Strips "B" and "C."
Film: "Primary Pilot Navi-
gation,"
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2. Measure the true course (IC) on
meridian nearest center of each leg,

3. Plot wind triangle.

a. Measure wind correction
angle (WCA).

b. Add right wind (subtract left)

N to find true heading (TH).

4. Determin: magnetic variation
(Isogonic lines).

a. Add westerly variation (sub-
tract easterly) to find
magnetic heading (MH).

b. "East 1s least. west is best."

¢. In western U. S., variation 1is
easterly; in eastern U. S.,
varlation is westerly.

5. Check compass card ror deviation.
Add westerly variation (subtract
easterly) to find compass head-
ing (CH).

6. Select check points, distance to,
and ETA.

7. Preflight planning.

a. Stud. chart along plotted
track.

b. Note aids to navigaticn;
radio frequencies and identi-
fications; AIM and NOTAMS.

c. Check weather: winds aloft,
and sunset for daylight
flights.

d. Fuel consumption each leg.

e. Weight and balance each leg.

f. ETA each leg.

g. Fille flight plan in person or
by telephone; by radio when
other means impossible.

8. Special navigation problems,

a. Effect of climb and des-
cent.

b. Off-course corrections.

c. Radius of action.

d. Alternate alrport.

e. Intercepticn.

9. Post flight procedure: Close
flight plan.

10. Limitations of dead-reckoning.

Flight Computer

Conversions
1. Nautical miles to statute
milés.

A,

Van Sickle, pp. 551-561,

Film: 'Wind and the Navi-
gator--Wind Theory."

Exam-O-Gram 27.

TC wind drift = TH
TH variation = MH
MY deviation = CH
Van Deventer, p. 302-303. §

¢

Have students become pro-
ficient withk wind triangles
before introducing computer.

Film: 'Wind and the Navi-
gator--Preflight Planning.’
Film: '"The Pilot and Alr
Traffic Control™ '

Film: "Air Traffic Control
Frocedures."

t

Visit air traffic control
tower and FAA fiight ser-
vice station.

Duplicate sample flight plan
forms.

Have students make flight
plans for various theoretical
cross-country flights.

Exam~0-Gram 18.

Film: "Where Am I?"
Film: '"Wind and the Navi-
gator' - Parts ¢ and d.

Van Sickle, pp. 562-568.

Van Deventer, p. 313.
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2.
3.

Knots to miles-per-hour.
Centigrade to Fahrenheit.

B. Problems.

Time enroute,

Ground speed,

Vistance traveled.

Actual airspeed (CAS to TAS).
Actual altitude (true alti-
tude).

Density of the air.

Fuel required.

Rate of fuel consumption,
Rate cf climb and descent.
Off-course problems,

VW N

O W oo~

VIII.

Radio Navigation

A, Very high frequency omnirange (VOR).

1.

VeR

a,
bc

signals.

Emissions.

Directional.
Line-of-sight.

Accuracy., .
equipment (aircraft).
Alrcraft receiver,

Course deviation indicator
(CDI)

Omni bearing selector (OBS)
"To" - "From'" indicator.
radials, '

Radials like spokes of a
wheel,

Always "Out From."

Radials are like streets,
1. What direction are you
~ going on the street?

2, Learn reciprocals (180°)

3. Flying the radials,

Interception of VOR radials.

1. Know the compass,

2. Intercept inbound or
outbound,

3. Angle of interception.

Position fixing.

1. Taking cross bearings.

Ey

Recommend use of two Sander-
son transparencies on an
overhead projector to teach
use of E6B; the transpar-
encies have moving parts.

Recommend use of Sanderéon
Flight Computer Records and
Film Strips, A, B and C.

Warning to students: Comput-
ers left in sun, in hot car
or airplane, or exposed to
heat will warp and become
unusable.

Expeudable computers (with-
out the wind side) made of
plastic coated paper are
available from distributors
of aviation gasoline from
St andard 0il.

Woerk all previous wind drift
problems on the computer,

Radio Navigation, Sanderson
Film Co. Bcoklet, pp. A-2
thru A-4,

FAA, Priva Pil £ Guide,
Ch.4 .

Radio Navigation, Sanderson
Film Co. Booklet, p. A-4

(Fig., A-~11).

' Van Sickle, p. 582.

Sanderson Magnetic OMNI Board.

Van Sickle, pp. 585-587.
Radio Navigation, Sanderson
Film Co. Booklet, p. A-7,

Radio Navigation, Sanderson

' Film Co. Booklet, p. A-6.
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2. Plotting line of position Radio Navigation, Sanderson
(LOP). Film Co. Booklet, p. A-13,
3. Time and distance problems.
a. Simple wing tip solu-
tion.
b. Double the angle solu- Van Sickle, p.589Y.
tion,
4. Evaluation.

a. Advantages.
1. Not affected by most
weather.
2. Accuracy,
3. Easy-to-fly radials.
4, Not affected by diurnal
changes.
b. Disadvantages.
1. Line-of-sight only for
accuracy.
2. Not usable in mountains
at low altitudes.
3. Heavy precipitation static
renders it unusable.

B. Automatic direction finder (ADF).

1.

Frequency range.

a. 200 - 415KC

b. Standard broadcast band.
Application of ADF,

a. Homing

.b. Tracking to the station.

c. Instrument approaches,

d. Position fixing.

e. Time and distance problems.

f. Interception of bearings.

Glossary of terms.

a. Bearings.

b. Relative bearing.

c. Radio beacon.

d. Compass locator.

Advantages,

a. Use to navigate to many
towns not served by navi-
gatioﬁal facilities, only
local broadcast station.

Disadvantages.
a. Use in the off-airway navi-
gation.

b. Weather sometimes a deter-
ring factor.

Van Deventer, p. 334.

Radio Navigation, Sanderson
Film Co. Booklet, p. A-1l,

Radio Névigation, Sanderson
Film Co. Booklet, p. A-15.

Radio Navigation, Sanderson
Film Co. Booklet, p. B-7.

Van Sickle, p. 593.

Van Sickle, pp. 591-599.
Van Sickle p. 59C.
FAA, Airman's Information

Manual, Part 1, ref. ILS
components.

Y e
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C. Distance measuring equipment., (DME)
1. Frequency: (VHF)
2, Measurement, Van Sickle, p.2
a, Slant range distance,
b. Read-out, Odometer or
digital.
3. Accuracy.
a, Within 4+ 600 ft,.-+2%
4, Required equipment in opera-
tion above 24,000 ft,

i~
N

;

D. Transponder: IFF equipment. ‘ Bendix Radio Division Avionics
1. Airborne radar interrogator. Products TPR-600 Transponder
2, Interrogation modes. System Instruction Manual,
a, Mode A, used to identify Baltimore, Maryland 21204
aitcraft, same as mili- or Burbank, California.

tary mode 3.
b. Mode C automatic alti-
tude interrogation.
(not in effect universally) FAA,

1290 code capability, Airman's Informatign Manual,
c. IFR coces, as-designated p. 1-64. \\
by ATC 0100 etc. v l

d. VFR codes, 0600 /for VFR L ' e
flights to 24,000 ft. D ' ) ' )
and 0700 for VFR flight
above 24,000 ft.

e. Emergency code 7700,

f. Classified code of 0000
is NEVER TO BE USED.

o vumm o CD l < °

7 The Sanderson VOR/ADF Trainer offers the most
1 practical way for the instructor to demonstrate,
i and the student to understand, the relationship
{ of aircraft radio navigation instrument readings
to the exact position or heading of the awcraﬂ

'22 under any assumed conditions and situations.
The CDI instrument is also used in conJunctlon with the Instrument Landing (ILS).
(See ILS chart on p. 65).
o 74
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RESQURCES
Materials:
Globe

Charts (Sectional, Local Aeronautical, World Aeronautical)

Computer & Plotter (or ruler and protractor).Inexpensive plotters and
computers are available from Sanderson Films, Inc., 1501 South West
Street, Wichita, Kansas 67213; Aero Products Research,Inc.,, 11811
Teale Street, Culver City, California 90230; A.V.Company, 2795 E.
Exposition, Denver, Colorado 80222; and Kane Aero Company, 8000 S.
Lyndaie Avenue, Minneapolis, Minnesota 55420.

Textbooks:

Bauer, Hubert A., GlobeoL;Maps and Skyways. New York: Macmillan (Air
Education Series). =

Deetz, Charles H. and Oscar S.Adams, Elements of Map Projection.
C&GS Publication No. 68, U.S.Coast & Geodetic Survey,Environmental
Science Services Administration, Washington, D.C. 20234, 1964. $2.75

Lyon, Thoburn C., Practical Air Navigafion, 10th edition,Denver,Colorado:
Jrppesen & Company

NASA, The Shapes of Tomorrow. Washington, D.C.: Supt. of Documents,
Governmwent Printing Cffice, Washington, D.C. 204G2. $1.50.

Van Deventer, C.N., An Introduction to General Aeronautics. American

' Technical Society, 1965,

Van Sickle, Neil D., Modern Airmanship, 3rd edition, Princeton, N.J.:
Von Nostrand, 1966. -

Reference Books and Information:

Above and Beyond: The Encyclopedia of Aviation and Space Sciences, Chicago:
New Horizons Publishers,Inc.,1968.
Bernardo, James V., Aviation and Space in the Modern World, New York: E.P.
Dutton & Co., 1968.
*Federal Aviation Administration, FAA Advisory Circulars:

00-2 "Advisory Circular Checklist,' (Latest Revision)

61-23 '"Private Pilots' Handbook of Aeronautical Knowledge," (5 27 - 66)
($2.75 GPO).

61-32 "Private Pilot Written Examlnatlon Guide," (8-15-67). ($1.75 GPO)
GPO) .

90-19 '"Use of Radar for the Provision of Air Traffic Control Services,"
(10-29-64).

90-32 "Radar Capabilities and Limitations,' (8-15-67).
91-15 "Terrain Flying.'" (2-2-67). ($0.55, GPO).
170-3B '"Distance Measuring Equipment (DME)," (11-8-65).
FAA, Airman's Information Manual." (Pt.1,$4.00; Pt.2,54.00; Pt.3,5$20.00)
FAA, VFR Exam-)-Grams,'" Flight Standards Service, 5300 South Portland, Okla-
homa City, Oklahoma, 73119. Free.
Institute of Aviation, Fundamentals of Aviation and Space Technology,
Urbana, Ill.: Univ. of Illinois, 1968. $2.50.
Jeppeson & Co., Dead Reckoning, PD 105; VOR & DME, PD 107; In- fllght Record-
ing, Tower Communications, No, RTC, Denver.
i! Langewiesche, Volfgang, Stick and Rudder, New York: McGraw-Hill.
Misenhimer, Ted G., Aeroscience, Culver City: Aero Products Research,Inc.,1969
Sanderson Films, Inc., Aviation Fundamentals, Wichita, Kansas, 1967.
Simonson, Leroy, Private Pilot Exam Guide, Inglewood, California $5. 00 :

% See page 244 for address. 7,
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ngms:

*Federal Aviation Administration:
"A Traveler Meets Air Traffic Control," (FA-102). 1963, Color, 33 Min.
"This Is VORTAC," (FA-104). 1959, B/W, 16 Min,
""Using the Airspace: Navigation and Communications,' (FAC-122. 1966,
Color, 20 Min. Produced by AOPA Foundation.
"One Eye on the Instruments,'" (FA-2C9), 1962, Color, 15 % Min.
"Private Pilot," (FA-211). 1963, Color, 15 Min.
"Fundamental$s of Approach Control," (ICAO-7), B/W, 19 Min.
*United States Air Force: ’
FR 165 ""Measuring and Mapping the World."
SFP 386 "Higaway in the Sky.'" Cclor, 33 Min.
SFP 649 "How Many Stars."
SFP 1128 "Where Am I?" k!
TF 1-3460 "Aerial Navigation - Map Reading.' B/W, 21 Min. (
“TF 1-5206a"Wind and the Navigator - Wind Theory." Color, 53- Mln
TF 1-5206b'"Wind and the Navigator - Preflight Planning.'" Color,
53 Min. :
1-5206c'"Wind and the Navigator.' Color, 53 Min.
1-5206d'"Wind and the Navigator.' Color, 53 Min,
1-4990 "Primary Pilot Navigation.' Color, 27 min.
1-5041 "The Pilot and Air Traffic Control.' B/W, 30 Min.
1-5350 "Air Traffic Control Procedures.'" B/W, 30 Min.

=R=R=R==

*Note: Refer to List of Film Producers and Distributors in back of
Course of Study for addresses. (See pages 233 and 234)

Other Aids:

U. S. Coast & Geodetic Survey, Distribution Division, Rockville, Md.
20852. Outdated aeronautical charts distributed free upon request

*Jeppesen & Company, Denver, Colorado, Navigation and transparencies.

*Sanderson Films, Inc,, Wichita, Kansas. E6B Computer, Radio Navigation,
and transparencies. Navigation, Records, and Filmstrips, A, B and
C. Magnetic Omni Board, classroom demonstrator,

U. S. Navy, Time Zone Chart of the World, U. S. Government Prlntlng
Office, Washington, D. C. 20402" ($1.00)

*See page 253 for addresses.

(
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RECIPRQCAL HEADINGS 3600
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NAVIGATION
EXHIBIT 1
lOOOFT.if{\'%
e -
TV — 1ML, _— e, - - N Ml —>

NN -
1000FT.

CONTINENTAL CONTROL AREA ABOVE 14,500 FT,

1000 FT,

2000 FT,

2000 FT,
< :

——1200 FT,

OR LESS ( OUTSIDE OF CONTROLLED AIRSPACE)
CLEAR OF CLOUDS

Minimum Distances from Clouds - VFR
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NAVIGATION

EXHIBIT II

g Minimum Visibility - VFR

ERIC 75
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The Compeass ‘Rose Game

A SUGGESTED TEACHING STRATEGY

Basic to understanding maps and their application to finding one’s way on the earth'’s surface is a thorough
knowledge of the compass. From the ancient mariners to today’s private pilots, the compass utilizing the
magnetic north pole has been the primary instrument of navigation.

This “game” or activity is designed to help the children gain a basic understanding of cardinal directions
in terms of the compass, and to refine that knowledge into understandings of the circle, angles, the great
circle routes, and skills in identifying compass directions.
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The direction from any given point on the earth’s surface to any given point on the earth’s surface is aiways measured as a
certain number of degrees from north. One nautical mile is equal to one minute of arc at the equator and on all the lines of
longitude. Sixty minutas of arc ‘s equal to one degree.

‘The Game

Draw a large compass rose on a large piece of butcher paper, or draw with chalk directly on the floor.
Have north, or 360°, correspond to actual north. Mark the center of the compass rose where a child
will stand. . o «

Divide the class into teams, and let each member of each team take turns standing in the compass rose.
Members of the other team can call out compass headings from 001° {one degrée) to 360° to the child
standing in the center of the compass rose, who turns and faces the direction called for. He must turn
to his right to be correct, since degrees are counted from north to east to sowuth to west to north.

Variations on this activity can be made to be appropriate to several ability levels. For example, some chil-
dren can face a given direction and be directed to turn right or left a given number of degrees. If he is
facing 035° and is directed to turn left 020° , 'he will turn left and be facing 015° when he staps. Or he
can face 280° and be directed to make a 180° right turn. When he stops hie will be facing 100°

NOTE: In writing compass headings in numbers, one always writas three digits. |If the compass heading
is from one to nine, itis written 001° , 002° , 003° , etc. For headings over one hundred, no zero
is placed before the number, as 180° , 283° , etc.

A

- Orally, these directions, as they may be given to a pilot by a traffic controller on the radio, would be read

“zero-zero-three degrees,” or “zero-one-five degree”, or “two-seven-zero degrees”. Have the children
use this terminology in performing the activity.

Reprinted by the Federal Aviation Administration
With permission from the Cessna Aircraft Cowmpany.
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FEDERAL AVIATION REGULATLONS

INTRODUCTION
The universe is governed by physical laws. On earth man has devised
laws to govern his soclety. Some of these laws are based on morality or

codes of ethics, others are designed to facilitate group living and are
modified as society changes. The writing, observance, and enforcement of
laws are basic to our American way of life.

Traffic laws came into being with widespread use of automobile trans-
portation. Their purpose was to protect life, limb, and property. A driver
must know and obey‘these laws if he is to retain his licensed right to drive.

As air transportation developed, laws were needed to govern it. TA;
rapid increase in the number'éf aircraft has required traffic control in the

air. Like the driver, the pilot must know and obey these laws if he is to

retain his licensed right to fly.

Federal Aviation Regulations specify the requirements for pilots, air crew
members, and other personnel. They set forth the standards for licensing,
maintaining, and operating aircraft; they define minimum weather conditions
for various types of‘flight; they provide controlled, restricted, and pro-
hibited air spaces; they contain standards for certification of schools and
instructors; and they provide for enforcement of the regulations by the Fed-
eral Aviation Administration under the Department of Transportation.

Pilots must know the law and obey it. Aviation is serious--deadly
serious. An infraction of the law may resulﬁ in loss of license--or loss
of life. There 1is wisdom in the adage, ”There.are old pilots and there are

bold pilots, but ‘there are no old bold pilots."

&1




FEDERAIL AVIATION REGULATIONS

TO THE TEACHER

The unit on Federal Aviation Regulations in the Aeronautical Science
Course is intended to help the student to accomplish the following goals:

1. To understand the various kinds and sources of laws;

2. To learn respect for law established for the common good;

3. To differentiate between freedom and license;

4. To recognize the rights of others;

5. To comprehend that a good citizen strengthens democracy by his
willing observance of the law;

6. To improve language skills and increase vocabulary through the
mastery of Federal Aviation Regulations;

7. To become accustomed to the style that is used in phrasing law;

and, for the student who becomes a pilot, this unit is intended to help him

8. To understand, know, and want to comply with Federal Aviation Regu-
lations;

9. To increase safety for himself and others by observance of these
regulations;

10. To recognize the career opportunities as a civilian or military

control tower operator, dispatcher, air traffic controller, or
safety inspector.

A current set of Federal Aviation Regulations (FAR's) is necessary for
the teaching of this unit. They may be purchased for a nominal fee from the
Government Printing Office or from an aviation book store or a fixed base
operator. There are many sources for FAR's but none is as accurate as the
Federal Aviation Regulations themselves.

Other useful publications for this unit are:

*The Airman's Information Manual which may be obtained from the U. S. Govern-
ment Printing Office, Washington, D. C. 20402. Accompany your order with
check or money order payable to the Superintendent of Documents and allow
several weeks for processing the order. Specify the following on your order:

Part 1. Basic Flight Manual and ATC Procedures - ($4.00 GPO)
Part 2. Airport Directory - $4.00 :
Part 3 and 3A. Operational Data and Notices to Airmen - ($20.00 GPO)

The National Transportation Safety*Board Regulations -- Subchapter C:
Safety Investigation Regulations Part 430 Order from the Government Print-
ing Office, Prlce 5¢.

#See Page 80 for additional information on AIM's

Sanderson Films, AV Company, and Aero Products Research have good pres-~

entations of this.material on record and film strip. Sanderson also has a
good textbook and a programmed l=arning test on Federal Aviation Regulations.
Supplement the lecture and classwork with tranparencies to provide complete
Q understanding. 52()

/rd
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FEDERAL AVIATION REGULATIONS .~ To The Teacher Continued -

In order to be thoroughly qualified, it is recommended that the instruc-
tor be a licensed pilot. His license not only lends authority to his teach-
ing, but in the process of preparing for the written and flight tests, he
will have accumulated a chorough knowledge of the subject and, therefore,will

be better prepared to teach.

Also, as soon as possible, the instructor should endeavor to obtain his
Basic Ground School Certificate. This will pave the way for the school where
he teaches to obtain the Air Agency, Pilot Ground School Certificate. All
this lends a professional approach to what could otherwise Le only a haphazard

pursuit of the subject.

To qualify as a ground instructor a person must demonstrate his practical
and theoretical knowledge of the subject by passing an FAA administered exami-
nation. See Part 143 of the Federal Aviation Regulations and obtain FAA
Advisory Circular 143-1B, Ground Instructor Examination Guide - Basic -
Advanced (4-18-67), ($1.00, GPO) for details and study material.

Reference material, Misenhimer - Rules of Flight Unit.

SPECIAL  NOTICE

K

See Page 82 for information concerning the Federal'Aviation Administra-
tion's conversion of the FAR's to a Volume format. At the time of final edit-
ing of this publication, several of the Vclumes were available from the
Superintendent of Documents, United States Government Printing Office, Wash-
ington, D. C. 20402. '

Please consult the latest FAA Advisory Circular Checklist or the FAA
Aviation News for the latest status of the FAR's, or write to the Superinten-
dent of Documents for the latest infcimation on the Volume availability.
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FEDERAL AVIATION REGULATIONS

UNIT  OUTLINE

SUB-CHAPTER '"A" DEFINITIONS
PART 1 Definitions and Abbreviations
SUB-CHAPTER "B' PROCEDURAL RULES
PART 11 General Rule-making Procedures
PART 13 Enforcement Procedures
PART 15

Nondiscrimination in Federally Assisted Programs of the Federal
Aviation Administration

SUB-CHAPTER '"'C'" AIRCRAFT
PART 21 Certification Procedures for Products and Parts
PART 23 Airworthiness Standards: Normal, Utility, and Acrobatic Category
Airplanes : '
PART 25 Airworthiness Standards: Transport Category Airplanes

PART 105

PART 27 Airworthiness Standards: Normal Category Rotorcraft
PART 29 Airworthiness Standards: Transport Category Rotorcraft
PART 31 Airworthiness Standards: Manned Free Balloons
PART 33 Airworthiness Standards: Aircraft Engines
PART 35 Airworthiness Standards: Propellers
PART 37 Technical Standard Order Authorizations
PART 39 Airworthiness Directives
PART 43 Maintenance, Preventive Maintenance, Rebuilding, and Alteration
PART 45 Identification and Registration Marking
PART 47 Aircraft Registration
"PART 49 Recording of Aircraft Titles and Security Documents
SUB-CHAPTER ''D'" AIRMEN
PART 61 Certification: Pilots and Flight Instructors
PART 63 Certification: Flight Crewmembers Other Than Pilots
PART 65 Certification: Airmen Other Than Flight Crewmembers
PART 67 Medical Standards and Certification
SUB-CHAPTER "E" AIRSPACE
PART 71 Designation of Federal Airways, Controlled Airspace, and Reporting
, Points .
PART 73 Special Use Airspace
PART 75 Establishment of Jet Routes
PART 77 Objects Affecting Navigable Airspace
SUB-CHAPTER ''F'' AIR TRAFFIC AND GENERAL OPERATING RULES
PART 91 General Operating and Flight Rules
PART 93 Specific Air Traffic Rules and Airport Traffic Patterns
PART 95 1IFR Altitudes
PART 97 Standard Instrument Approach Procedures
PART 99 Security Control of Air Traffic
PART 101 Moored Balloons, Kites, Unmanned Rockets and Unmanned Free Balloons
PART 103 Transportation of Dangerous Articles and Magnetized Materials

Parachute Jumping

&4
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FEDERAL AVIATION REGULATIONS

SUB-CHAPTER 'G" AIR CARRIER AND COMMERCIAL OPERATOR CERTIFICATION AND OPERATIONS
PART 121 Certification and Operations: Air Carriers and Commercial Operators
of Large Aircraft
PART 123 Certification and Operations: Air Travel Clubs Using Large Airplanes
PART 127 Certification and Operations of Scheduled Air Carriers with Helicop-
ters :
SUB-CHAPTER "H'' SCHOOLS AND OTHER CERTIFICATED AGENCIES
PART 141 Pilot schools
PART 143 Ground instructors
PART 145 Repair stations
PART 147 Mechanic schools
PART 149 Parachute lofts
SUB-CHAPTER "I" AIRPORTS
PART 151 Federal aid to Airports
PART 153 Acquisition of U.S. land for Public Airports
PART 155 Release of airport property from surplus property disposal
.restrictions
PART 157 Notice of Construction, Alteration, Activation, and Deactivation of
Airports
PART 159 National Capital Airports
SUB-CHAPTER "J'" ADMINISTRATIVE REGULATIONS
PART 171 Non-Federal Navigation Facilities
1. FEDERAL AIR REGULATIONS

A, PART 61 CERTIFICATION: PILOTS AND FLIGHT INSTRUCTORS

.

SUB-PART "A" - GENERAL

61.1 Applicability

61.3 Certificates and ratings required

61.5 Application and issue

61.7. Temporary certificates

61.9 Duration of certificates

61.11 Exchange of certificates

61.13 Change of name; replacement of lost or destroyed certificate

61.15 Aircraft ratings

61.16 General limitations

61.17 Types of ratings and additional aircraft ratings (other
- than airline transport and lighter-than-air)

61.19 Tests: general procedures

61.20 Written tests: cheating or other unauthorized conduct

61.21 Prerequisites for flight tests

61.23 Flight tests: general procedures

61.25 Flight tests: required aircraft

8o
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FEDERAL AVIATION REGULATIONS

61.

61.
61.
61.
61.

61.
61.
61
61.
61.
61.
61.

71
oL,

61.

61.

26 Flight tests: status of FAA inspectors and other autho-
rized flight examiners

27 Retesting after failure

29 Graduates of certificated flying schools

31 Military pilots or former military pilots: special rules

33 Special-purpose pilot certificates other than airline
transport: foreign citizens

35 Instrument rating: knowledge and experience requirements

37 Instrument rating: skill requirements

.38 Glider towing: experience and iInstruction requirements

39 Pilot logbooks: except airline transport pilots

4] Pilot logbooks: airline transport pilots

43 Medical certificates: duration

45 Operations during physical deficiency

47 Recent flight experience

48 Applications, certificates, logbooks, reports and records:
falsification, reproduction, or alteration

51 Change of address

2. SUB-PART "B" - STUDENT PILOTS

61.
61.
61.
61.
61.
61.
61.

61 Eligibility requirements: general

63 Requirements for solo flight

65 Airplane opérations: flight area limitations

67 Rotorcraft operations: flight area limitations
69 Glider operations: flight area limitations

71 Lighter-than-air operations: flight limitations
73 General limitations B

3. SUB-PART "C" PRIVATE PILOT

61.
61.
- 61,
61.
61.
61.
61.
61.
61.
61.
61.

81 Eligibility requirements: general

83 Aeronautical knowledge

85 Airplane rating: aeronautical experience
87 Airplane rating: aeronautical skill

89 Rotorcraft rating: aeronautical experience
91 Rotorcraft rating: aeronautical skill

93 Glider rating: aeronautical experience

95 Glider rating: aeronautical skill

97 Lighter-than-air rating (airship class): aeronautical experience

99 Lighter-than-air rating (airship class): aeronautical skill
101General privileges and limitations

B, PART 91 GENERAL OPERATING AND FLIGHT RULES

91.
91.
91.
91.
91.
91.

1 o

91.

91.
91.

1. SUB-PART "A" - GENERAL

1 Applicability

3 Responsibility of the pilot

5 Pre-flight action

7 Flight crewmembers at stations

8 Prohibitions against interference with crewmembers
9 Careless or rackless operations

11 Liquor and drugs

13 Dropping objects

15 Parachutes and parachuting

17 Towing: gliders :
18 Towing: other than under Part 91.1

91.19 Portable electronic devices

Aruitoxt provia c
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91.

91.
91.
91.
91.
91.

91.
91.

91
91.

91.

91.

21

23
25
27
29
31

33

35

.37

38

1.39
.40
.41

.43
45

47

49

Flight instruction; simulated instrument flight and

certain flight tests

Fuel requirements for flight in IFR conditions

VOR equipment check for IFR operations

Civil aircraft certificate requirements

Civil aircraft airworthiness

Civil aircraft operating limitations and markings rve-
quirement h

Powered civil aircraft with standard category U.S. air-
worthiness certificates; instrument and equipment requirements
Flight recorders and cockpit voice recorders

Transport category: civil airplane weight limitations
Increased maximum certificated take-off weights for ceitain
airplanes operated in Alaska

Restricted category civil aircraft: operating limitations
Limited category civil aircraft: operating limitations
Provisionally certificated civil aircraft: operating
limitations '

Special rules for foreign civil aircraft

Authorization for air carrier ferry flight of a four

engine airplane with one engine inoperative

Emergency exits for airplanes carrying passengers for

hire .

Aural speed warning vice

2., SUB-PART "B" - FLIGHT RULES

91.
91
91.
91
91.
91.
91.
91.
91.
91.
91
91.
91

91.
91.
91
91
91

91.
91.
1.
91.
91.

61

.63

63

.67

69
71
73
75
77
79

.81

83

.85

87
89

.91
.93
.95

97
99

Applicability

Waivers

Operating near other aircraft

Right-of-way rules: except water operations
Right-of-way rules: water operations

Acrobatic flight

Aircraft lights

Compliance with ATC clearances and instructions
ATC light signals

Minimum safe altitudes: general

Altimeter settings

Flight plan: information required

Operating on or in the vicinity of an airport: general
rules :

Operation at airports with operating control towers

~

- Operation at airports without control towers

Avoidance of disaster areas

Flight test areas

Restricted and prohibited areas

Positive control areas and route segments
Jet advisory areas

101 Operations to, or over, Cuba

103 Operation of civil aircraft of Cuban registry

104 Flight limitations in proximity of the Presidential(garty
‘\

5

~1
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FEDERAL AVIATION REGULATIONS

C. PART 430 NATIONAL TRANSPORTATION SAFETY BOARD

VISUAL FLIGHT RULES: (VFR)
91.
91.
91.

SUB-PART "C" - MAINTENANCE, PREVENTIVE MAINTENANCE, AND ALTERATIONS
91.
91.
91.
91.

91.
91.
'91.
91.

105 Basic VFR weather minimums (see enclosed sketch)
107 Special VFR weather minimums
109 VFR cruising altitude or flight level

161 Applicability

163 General

165 Maintenance required

167 Carrying persons other than the crewmembers after repairs
or alterations

169 Inspections

171 Progressive inspections

173 Maintenance records

175 Rebuilt engine maintenance records

1.

LN

4.

SUB-PART "A" - GENERAL

a.

b.

SUB-PART "B" - NOTIFICATION OF ACCIDENTS, INCIDENTS;,AND OVERDUE

a.
b.

SUB-PART '"¢" - PRESERVATION, ACCESS TO AND RELEASE OF AIRCRAFT

.a.

b.

SUB-PART '"D" - REPORTING OF AIRCRAFT ACCIDENTS, INCIDENTS, AND

SUB-PART "E'" - INVESTIGATION AND SPECIAL STUDIES

a.
«b.

430.1 Applicability )

1. Giving of notice and reporting of aircraft accidents
2. Preservation of wreckage

3. Investigation of the accident or overdue aircraft
Defiritions

1. Accidents

2. 1Injuries

3. Damages, etc.

ATRCRAFT
430.5 Immediate notification
430.6 Information to be given

WRECKAGE, MAIL, CARGE, AND RECORDS .
430.10 Preservation of aircraft wreckage, mail, cargo,

and records
430.11 Access to and release of aircraft wreckage, records,

mail, and cargo

OVERDUE AIRCRAFT AND REPORTS- AND STATEMENTS TO
- BE FILED

430, 20 Authority of Board Representatives

430.25 Authority of the Director, Deputy Director, and
hearing officers pertaining to aircraft accidents and air
safety investigaticns

- A. PART 1 BASIC FLIGHT MANUAL AND AIR TRAFFIC CONTROL PROCEDURE
k 'i, 1. Glossary .
2. Good operating practice _
Q 3. Aeronautical information and the national airspace system
4,

I1. AIRMENS INFORMATION MANUAL

Aeronautical publications Egr, .




80
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5. Air navigation radio aids

6. Airport air navigation lighting and markings
7. Altimetry

8. Medical facts for pilots

9. Radio telephone phraseology

10. Safety of flight

11. Weather:

12. Landing aircraft (1-79)

13. Hand signals (1-81)

B. PART 2 AIRPORT DIRECTORY

f C. PARTS 3 AND 3A OPERATIONAL DATA AND NOTICES TO AIRMEN
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STATUS OF
THERFEDERAL AVIATION
REGULATIONS

Asof July 1, 1969

The Federal Aviation Administration is re-issuing its Federal
Aviation Regulations in a volume system. In about 12 months all
FARs will be grouped into 11 volumes. As cach volume is issued.
an availability notice will be mailed to all persons now receiving the
FARs. The availability of cach new volume will also be reported
in FAA Aviation News. In the meantime. the present publication
system will remain in effect.

Distrbution of the volumes will be by the Superintendent of Doc-
uments, U. S. Government Printing Office, Wasiaington, D. C.
20402, who will set th: price for each volumec.

Volume I, which includes only FAR Part 1, becanie available

in June.
FAR PART
OR VOLUME VTLE PRICE  CHANGES
NO.
Vol. | (Part 1) Definitions and Abbreviations.... . .......... $1.50 + 50c foreugn mail
General Rule-making Procedures 9
13 Enforcement Procedures.............o..ccoeovveoeeevrencecne e, .25 7
15 Nondiscrimination in Federally Assisted Programs
of the Federal Aviation Administration............................ .20
21 Certification Procedures for Products and Parts ...... 60 21
23 Airworthiness Standards: Normal, Utility, and
Acrobatic Category Airplanes...........cvoiiociieeneci.o. 1.25 6
25 Airworthiness Standards: Transport Category Airplanes... 2.25 19
27 Airwcrthiness Standards: Norma! Category Rotorcraft...... 70 3
29 Airworthiness Standards: Transport Category Rotorcraft. 2.00 4
31 Airworthiness Standards: Manned Free Balloons............... .20 2
33 Airworthiness Standards: Aircraft Engines........................ 40 3
35 Airworthiness Standards: Propellers............. .30 2
37 Technical Standard Order Authorizations... 1.00 5
**39 Airworthiness Directives .20 1
43 Maintenance, Preventive Maintenance, Rebuilding,
and Alteration ............ e eee e n ettt e erassen .55 9
45 |dentification and Registration Marking. e .30 6
47 Aircraft Registration.. ..o .25 6
49 Recording of Aircraft Titles and Security Documents........ 20 4
61 Certification: Pilots and Ffight Instructors..................... 1.25 29
63 Certification: Flight Crewmembers Other Than Pilots ... .35 10
65 Certification: Airmen Other Than Flight Crewmembers...... .35 12
67 Medical Standards and Certification ............ . .25 7
*71 Designation of Federal A|rways Controlled A|rspace and
Reporting POints ..ot 20 5
*73 Special Use Airspace.............. e 220 1
*75 Establishment of jet Routes.............. e .20 2
77 Objects Affecting Navigable Airspace ... .35 7
91 General Operating and Flight Rules ........coovveerevvvenneanan. 1.25 39
93 Specific Air Traffic Rules and Airport Traffic Patterns ... .35 17
**95  IFR Altitudes ............. SO .
**97 Standard Instrument Approach Procedures . .2 1
99 Security Control of Air Traffic ...

25 7

SEE NEXT PAGE FOR EXPLANATION OF THE
NEW FAR ISSUANCE SYSTEM.

NOTE:

}

FAR PART
OR VOLUME TITLE PRICE CHANGES
NO.
101 Moored Balloons. Kites, Unmanned Rockels and
Unmanned Free Balloons . . . . .20 2
103 Transportation of Dangerous Articles and
Magnetized Materials.. ... e TR, .20 5
105 Parachute Jumping.... . ... ... ... JRR Y 20 4
123 Certification and Operations: Air Carriers and Commercial
uperators of Large Aircraft..... ..o 2.00 32
123 Certification and Operations: Air Travel Glubs
Using Large Airplanes.........cccooiiiieeieeiciees ceeeeveeenn .25 1
127 Certification and Operations of Scheduled Air Carriers
With HelioDterS... ..ot et .35 10
129 Operations of Foreign Air Carriers........ . ... I 20 4
133 Rotorcraft External-Load Operations......................... 20 3
135 Air Taxi Operators and Commercial Operators of
Small Aircraft. . .35 5
137 Agricultural Aircraft Operations.......... ..o, .25 3
141 Pilot SChools.........oovoeecceeee s .35 7
143 Ground Instructcss... w25 3
145 Repair Stations..... .40 8
147  Mechanic Schools. e 20 1
149 Parachute LoftS ..o .25 1
151 Federal Aid to Airports ... .40 28
153 Acquisition of U. S. Land for Public Airports................... 20 4
155 Release of Airport Property from Surplus Property
Disposal Restrictions...............co.ooooorvmviveiceeee e .20
157 Notice of Construction, Aiteration, Activation, and
Deactivation of Airports... 20
159 National Capital Airports .30 11

161 (Deleted effective 6/1/66)
163 (Deleted effective 7/1/65)..
165 Wake Island Code................
167 Annette fsland, Alaska, Airport............ccooiivcirieveennee.

171 Non-Federal Navigation Facilities............ccccooovorvieencnne. 25 4

181 (Rescinded 4/1/67)......cccovvviveriieccn
183 Representatives of the
185 Testimony by Employees and Production o

Legal Proceedings
187 Fees
189

20
15 -

SYSTEM oo

* Changes to individual -airspace designations and airways descriptions, individ-
ual restricted areas, and individual jet route descriptions are not included in the
basic Parls 71, 73 and 75 respectively because of their length and complexity.
Such changes are published in the Federal Register and are included on appropri-
ate aeronautical charts.

**Due to the complexity, length, and frequency of issuance, airworthiness
directives, enroute IFR altitudes and instrument approach procedures are pub-
lished in the Federal Register and therefore are not included in the basic Parts
39, 95 and 97. In addition, enroute IFR aititudes and instrument approach
procedures are published in the Airman's Information Manual, and are depicted
on aeronautical charts.

FAA Avistion News/July 1969 1
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FEDERAL AVIATION REGULATIONS

New Issuanée‘gystem for Federal Aviation Regulations -~ ‘The Federal
Aviation Administration will begin to reissue its Federal Aviation Regula-
tions in a volume system to be sold on a subscription basis by the Superin-
tendent of Documents, U. S. Government Printing Office, Washington, D. C.
20402. The first volume will appear in June 1969, and it will take
approximately sixteen months to complete the transition from FAR Parts to
volumes.

As each volume is issued, an availability notification providing price
and an order form will be issued and distributed by the GPO. However, un-
til all FAR‘parts are grouped in their respective volumes and the volumes
are available for sale, the present system of obtaining individual FAR's
and the revision service to them will remain in effect. The volume struc-
ture will be as follows:

VOLUME FAR PART
I - - - - - - 1
11 - 11, 13, 15, 21, 37, 39, 45, 47, 49, 183, 185, 187, 189
III - - - - - - 23, 25
A - - - - © = 27, 29, 31, 33, 35
Y - - - - - 43, 145, 149
VI - - - - 91, 93, 99, 101, 103, 105
VII - - - - 121, 123, 127, 129
VIII - - - - 133, 135, 137
X - - - -61, 63, 65, 67, 141, 143, 147
X - - - - 151, 153, 155, 159, 165, 167
X1 © 71, 73, 75, 77, 95, 97, 157, 169, 171

Date May 1, 1969

Pilots must know the Federal Aviation Regulations (FAR's) to oper-
ate an aircraft safely and to pass the exawination given by the Federal
Aviation Administration (FAA).

The FAA Private Pilot Written Examination includes questioas based
on the following FAR's and the National Transportation Safety Board's
Safety Investigations, the most. important of these being Parts 61 and 91.

In addition, Part 141, Pilot Schools, outlines the requirements
necessary for the establishment of a certified ground school. All of these
FAR parts should be on hand and kept updated.

Part 1 -- Definitions and Abreviations

Part 61 -- Certification of Pilots and Flight Instructors

Part 71 -- Designation of Federal Airways, Controlled Airspace,

: and Reporting Points

Part 75 -- Establishment of Jet Routes

Part 91 -- General Operating and Flight Rules

Part 95 -- IFR Altitudes

Part 97 -- Standard Instrument Approach Procedures

Part 99 -- Security Control of Air Traffic

Part 430 -- NTSB Rules Pertaining to Aircraft Accidents, Inci-
dents, Overdue Aircraft, and Safety Investigations

Part 141 -- Pilot Schools, Sub-Part B, Ground Schobls.
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EXCERPT FROM
AIRMAN'S INFORMATION MANUAL

The Airman’s Information Manual has been designed as a pilot’s operational manual for use pri-

marily within the conterminous United States.

may be purchased separately.
y A

It is divided into three basie parts, each of which

New or amended textual or tabulated information except in the Airport Facility Dirvectory, is

indicated by a =olid dot ® prefixing the heading, paragraph. or line.

seribed below.

PART 1
Basic Flight Manual and ATE Procedures

This part is issued q%'arterly and contains basic fundamentals required to
fly in the National Airspace System; adverse factors affecting Safety of
Flight; Health and Medical Facts of interest to pilots; ATC information af-
fecting rules, regulations and procedures; a Glossary of Aeronautical Terms:
U.S. Entry and Departure Procedures, including Airports of Intry and
Landing Rights Airports; Air Defense Identification Zones (ADIZ); Des-
ignated Mountainous Areas; Scatana, and Emergency Procedures.

Annual subseription price $4,00(Foreign mailing, $1.00  additional.)

PART 2
Airport Directory

This part is issued semiannually and contains a Directory of all Airports,
Seaplanes Bases, and Heliports in the conterminous United States, Puerto
Rico, and the Virgin Islands which are available for transient civil use. It
includes all of their facilities and services, except communications, in codified
form. Those airports with communications are also listed in Part 5 which
reflects their radio facilities. A list of new and permanently closed airports
which updates this part is contained in Part 3.

Included, also, is a list of selected Commercial Broadcast Stations of 100
watts or more of power.

Annual subscription price $4.00. (Foreign mailing, $1.00 additional.)

PART5 3 AND 3A

Operationai Data and Notices to Airmen

Part 3 is issued every 28 days and contains a Master Alphabetical Index
covering all Parts of the AIM; an Airport/Facility Directory containing a
list of all major airports with communications; a tabulation of Air Naviga-

. tion Radio Aids and their assigned frequencies; Parachute Jump Areas; Pre-

ferred Routes; Standard Instrument Departures (SIDs); Substitute Route
Structures; a Ser.ional Chart Bulletin, »hich updates Sectional charts cumu-
latively; Restrictions to Enroute Navigation Aids; VOR Receiver Check
Points; Special General and Area Notices; a tabulation of New and Perma-
nently Closed Airports, which updates Part 2, and Oil Burner Routes.

Part 3A is issued every 14 days and contains Notices to Airmen considered
essential to the safety of flight as well ar supplemental data to Part 3.

Annual subscription price $20.00 (Foreign mailing, $5.00 additional.)

Tigrhlights of each part are de-

These publications are available from the Superintendent of Documents, Government Print-

ing Office, Washington, D.C. 20402.

payable to

the Superintendent of Documents.

Orders should be accompanied by check or money order made

Errors, omissions or suggested changes should be forwarded to the Federal Aviation Administra-
tion, National Flight Data Center, AT-430, Washington, D. C. 20590.
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EXCERPT FROM PART 1 AIM

ENROUTE

CRUISING ALTITUDES
FAR PARTS 91.109,91.121

VFR AND "VFR CONDITIONS ON TOP" IFR WITHIN CONTROLLED AIRSPACE IFR QUTSIDE CONTROLLED AIRSPACE
(VFR cruising altitude AT ALTITUDES ASSIGNED BY ATC
. (Altitudes shown below are for flight
rules are not applica- ;
; .. planning purposes only)

ble in positive control

area) g o o
o o
o~
o~
od
s
i 4000' 4000' 4000 4000"
= Intervals Intervals Intervals Intervals Intervals Intervals
) Beginning Beginning Beginning Beginning Beginning Beginning
= at Flight at Flight at Flight at Flight at Flight at Flight
w . Level 320 Level 300 Level 310 Level 290 Level 310 Level 290
8 (320,360, (300, 340, (310,350 (2%0, 330, (310,350 (290, 330
2 . ete.) etc.) etc.)
[a}
Z v

/

: \1q° _—/\’Tq %O -\’]q

ALL COURSES ARE MAGNETIC

FLIGHT LEVELS

BEGIN AT 180 IFR WITHIN CONTROLLED AIRSPACE IFR QU TSIDE CONTROLLED AIRSPACE
AT ALTITUDES ASSIGNED BY ATC ‘
(Altitudes shown below are for flight

VFR AND "VFR CONDITIONS ON TOP" |  Lianning purposes only)

-

Even
Thousands
(2,000,
4,000',
etC....and

FL 180,
200, etc.

etc.... cmd

FL 185,
205,225
etc .

200,220

- BELOW FLIGHT LEVEL 290

3,000 ABOVE THE SURFACE

+ VARIABLE FLOOR

SURFACE

Q ' .
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EXCERPT FROM PART II AIM

AIM - March 1969

UTAH= Continued
SOUTH HANKSVILLE Sce HANKSVILLE

SPANISH FORK, SPANISH FORK-SPRINGVILLE 2 NW
4529 h3312-30(2) (S-15) L4 S5 F12 FSS: Salt Loke City

STOCKS See LA SAL

TOOELE, MUNI 1 5W FSS: Salt Loke ity

4983 H42(1) (Mox-10) F18

AIRPORT DIRECTORY 2-215

(AGA 1-215)
UTAH, vT.

VERMONT—Continved
COLCHESTER, CHAMPLAIN 6 W FSS: Montpelier (LC 878-3393)
125 19 220{2 S3 Fi2, 18 U-1
Remorks: Attended 0800-dusk daildy. P-line E.

ENOSBURG FALLS 2.7 NE FSS: Montpelier
410 30(1) Fi2

Remorks: P-line NW. Fence W.

EQUINOX See MANCHESTER

TREMONTON, MUNI 1 W FSS: Moled Gity

4332 HM (D) (S-15) S3 F12,18

UTAR CENTRAL See SALT LAKE CITY

§VERNAL 1SE F$S: Grand Junction
5281 H66 (1) (S-45, T-60, TT-100) BL4 S5 Fi2, 18 U-1
Remorks: Rnwy 16 threshold disploced 618'.

VERNON, MUN! 1 NE FSS: Salt Loke Gty
5511 40 (1)

Remarks: Fence S.

WAYNE WONDERLAND See LOA

WENDOVER, BUSH-LELAND See NEVADA

WENDOVER, DOVER 4 W FSS: Solt Loke City
4250 50 16-34 (1)

Remoarks: Unottended.

WESTWATER 9 NW FSS: Grand Junction

4800 60 (2)

#e* VERMONT o**

AUSTIN See SWANTON

§BARRE-MONTPELI!ER, BARRE MONTPELIER STATE JFR- 3 W
. FSS: Montpelier on Fid
1157 H45/17-35(2) (S-S5, T-80, TT-140) BLS S5 F12, 18 U-2
VHF/DF: Ctc FSS
Remorks: P-line SW. Rnwy 5-23 ski equipped ocft only wintermonths.

BASIN HARBOR See YERGENNES

BENNINGTON, BENNINGTON STATE 4 W
521 H32.1331 (1) L4 S3 Fi2,18 U1
VFR ADY: Ctc Albany App Con
Remarks: Attended 0800-2100) doily. "Opers thru unicom until 2100 Icl

time, ofter by prior req-phone 447-7879.

FSS: Albany

~

BUNNELL AIRFIELD See CANAAN

§BURLINGTON, MUNI 2E IFR AOE FSS: Montpelier (LC 878-3393)
335 H78 1533 (2) (5-62, T-110, TT-195) BLS5,6,8A,9 S5
F12,18, 22,30, 40 U2 RVYY: Rawys 150nd 33.

Remorks: {£) For odditional info see Port 3.

CANAAN, BUNNELL AIRFIELD 45 FSS: Montpelier
1030 20 (1)

Remorks: Closed winters. Rgt tfc N.

CHAMPLAIN See COLCHESTER

FAIR HAVEN, MUNI 1 NW FSS: Glens Folls
370 23(1)

Remorks: Closed winters.

HARTNESS MUNI See SPRINGFIELD

15LAND POND STATE 3 SE FSS: Montpelier
1185 27(1) U-1 o

Remorks: Attended doylight hours. Ski acft only wiiter months.

LONDONDERRY, NORTH WINDHAM SE FSS: Lebanon
1750 26, E-W (1) $3 Fi12 18

Remorks: Attended dolgt hrs.

MANCHESTER, LQUINOX 1 SE FSS: Glens Falls
700 21(2) ST Fi2,18

Remorks: Attended irregularly. Clsd winters.

MIDDLEBURY, MUNI 4 SE FSS: Glens Falls

490 H25°1-19 (1) (S12.5) S5 F12,18 U-1

MILLER See WINDSOR

§ MORRISVILLE, MORRISVILLE STOWE-STATE 25  FSS: Montpelier
732 H27 (1) (5-30) BLS, 11 Fig U-1
REIL: Rnwy 1-19 on req.

Remorks: Fences S. Rawy 1, rgt hand 1fc, gliders only.

§HEWFORT, MUNI 35S (FR FSS: Montpelier
930 40 (2) (5-63, T-83, TT-126) *B LS5' S5 F12,18 U-1
Remarks: US Customs Indg rgts orpt. *Rnwy lgts on request after 2400,

ben on req only, bath ovbl by unicom or phone.

NORTH WINDHAM See LONDONDERRY

NORTH WINDHAM See WINDHAM

POST MILLS A4 E F$SS: Lebonon
700 23()) S5 F12,18 U-1

Remorks: P-line NE. Rgt 1fc mwy 5.

§RUTLAND, MUNI 5SE IFR FSS: Glens Falls
787 HS0(2) (S-71, T-133, TT-230) BLS S5 F12,18 3 U-1 :
Remorks: Use N/S rmwy when colm winds. Rgt tie mwy 19.

ST JOHNSBURY, MUNI 5N FSS: Montpslier

814 23(1) F12
Remorks: Unattended.

§ SPRINGFIELD, SPRINGFIELD STATE/HARTNESS 3 NW {FR
FSS: Lebanon
575 H40/11-29(2) (5-31.5, T-55.5, TT-96) L5 S5 Fi12,18 U-}

SWANTON, AUSTIN 1 NE FSS: Montpelier’
248 21(2) S5 F12

Remorks: Attended 0600-1800. US Customsindg rgts arpt.
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EXCERPT FROM PART III AIM

. 3-50
(COM 2-54)

UTAH—Continved

PROVO {H) BVORTAC®
NDB' MHW 222/PVU
Remarks: 'Owned ond operd by Utah Stote Aero Comm. *No

weo best avbl from 2300-0500 lcl time.

SALT LAKE CITY FSS 121.5 122.0 122.1R 122.2 122.6

§SALT LAKE CITY INTL IFR  4W FSS: SALT LAKE CITY on fld
4226 H100/16R-34L{2) {S-60, T-105, TT-175}

116.6/PYU/122.1R  FSS: SALT LAKE CITY

BL4,6,7,8A,9,10 S5 F12,15,18,22,30 U2 VASI: Rnwy 16R

RVR: Rnwy 34L

Remarks: *Rnwy 16L-34R (5-100, T-150, TT-300). Rnwy 14-32
restricted to ocft in excess of 35,000 Ibs.

Salt Lake Tower 118.3° 119.2° 122.7R Gnd Con 121.9

ATIS: 109.5
Radar Services: (BCN)
Salt Lake App Con 120.9 124.3 122.7R 116.BT
Salt Lake Dep Con 1257
Ttc Info Cic Solt Lake City App Con
ASR
LS 109.5 |-SLC  Apch Brg 339° LOM: 239/SL
(H) BVORTAC' 116.8/SLC 159° 2.9 NM to rnwy 16R and 149°
3.4 nmi to rnwy 16L.

VHF/DF Cic FSS
Remarks: 'No weo best ovbl 2300-~0500 le! time. *34R, 16L.
*16R, 34L. VOT: 111.0

VERNAL (L) BVOR 108.2/VEL/122.1R 123.6R FSS: GRAND JUNCTION

VERMONT

§ BURLINGTON INTL [FR 2E AOE FSS: MONTPELIER (LC 878-3393)
335 H78/15-33(2) (S-62, T-110, TT-195) BL5,6,8A,9 85
F22,30 U2 RVV:' Rnwy 1533
Remarks: J-bor and A-gear rnwy 15-33.
Tower 118.3 122.5R 110.3T
Radar Services: (BCN] 5

App Con  121.1 122.5R 110.37
Dep Con 119.2
Tfc Info Cic App Con
ILS 110.3 |-BTV Apch Brg 146° BC unusable LOM: 219/BT
{L} BVOR 112.4/BTV/122.1R 122.3. 122.6 123.6 033° 4.3NM to fAd.

Gnd Con 121.9

NDB. SABH 323®/BTV 155° 1.8NM to fid.

VHF/DF  Cic twr

Remarks: VOT: 109.0.
HARTNESS NDB MHKWZ 265/VSF FSS: LEBANON
MONTPELIER. FSS 121.5 122.1R 122.3 122.6 123:6 DF
MONTPELIER (L} BVOR  108.2/MPV FSS:  MONTPELIER on fid

NDB MHW 257/MPV

MORRISVILLE-STOWE NDB MHW 375/MVL FSS: MONTPELIER
Remarks: Owned & operd by Vermont Aeronautics Board.

NEWPORT NDB MHW 242/EFK FSS: MONTPELIER
Remarks: Owned & operd by Vermont Aeronautics Board.

RUTLAND NDB MHWZ 391/RUT FSS: GLENS FALLS
Remarks: Owned & operd by Vermont Aeronaulics Board.

AIRPORT/FACILITY DIRECTORY

AIM-Apr 3, 1969

VIRGINIA~—Continved

CAPE CHARLES (L) BVORTAC 112.2/CCV/122.1R -
FSS: NEWPORT NEWS

CASANOVA (H) BVORTAC .136.3/CSN/122.1R  FSS: WASHINGTON
CHARLOTTESVILLE FS$ l?l\.S 122.1R 122.3 122.6 123.6 DF

CHARLOTTESVILLE
§CHARLOTTESVllkE-AlBEMARLE IFR 7N

. FSS: CHARLOTTESVILLE on fid
640 H60/3-21(1) BL6, 9, 11 S5 F18,45 W1 REIL: Rawy 3
Remarks: Rnwy 21 threshold displaced 270" Sw.
ILs' 1M1.7 1~CHO Apch Brg 027° BC unusable
Charlottesville NDB MHW 229/AOM 027° 7.7NM to rmwy 03.
VHF/DF - Citc FSS

Remarks: *G/S not ovbl.
CHASE CITY NDB MHW 342/CXE FSS: BLACKSTONE
Remarks: Operg on test UFN. Owned & operd by Virginio

Div of Aeronoutics.
DANVILLE FSS 121.5 122.1R 122.3 122.6
DANVILLE (L} BVOR 113.1/DAN
EMPORIA NDB MHW  346/EMV

123.6

FSS: DANVILLE
FSS: BLACKSTONE

Remarks: Owned & operd by Va Division of Aeronautics.
EVINGTON ND8 MHW 3B5/EVI FSS: ROANOKE
FLAT ROCK (H) BVORTAC 113.3/FAK/122.19 FSS: RICHMOND

FRANKLIN {1} BVORTAC 110.6/FKN/122.1R FS5: NEWPORT NEWS
FRONT ROYAL (H) BVORTAC 115.3/FRR/122.1R FSS: MARTINSBURG

GORDONSVILLE (H} BVORTAC FSS: CHARLOTTESVILLE
115.6/GVEN21.5 122.3

HARCUM (L} BVOR 108.8/HCM/122.1R
HERNDON (L) BVORTAC 113.5/HRN/122.1R

122.6

FSS: NEWPORT NEWS
FSS: WASHINGTON

HOPEWELL (L) BVORTAC 112.0/HPW FSS: RICHMOND

HOT SPRINGS NDB MHWZ 224/HSP FSS: ROANGKE
Remarks: Owned by Va. Hot Springs Corp.

LAWRENCEVILLE {L) BVOR 112.9/LvL FSS: BLACKSTONE

Voice 0600-2200

LINDEN (L} BVORTAC 114.3/LDN FSS: WASHINGTON

SLYNCHBURG MUNI-PRESTON GLENN FLD IFR 65W
FSS: ROANOKE (LC 846-3742)

942  H58/3-21(3) (S-60, T-80, TT-120} BL4,8A,9 S5 F18,30

U2 RVV: Rnwy 3.

Remarks: After 2400 rnwy Igts remoin on 3-21 only. Apch
Igts 0700-2400 icl time.

Lynchburg Tower® 120.7 122.5R Gnd Con 121.9

Lynchburg App Con® 118.0 122.5R 120.7

ILS* 110.1 I~LYH Apch Brg 032° .

Lynchburg (1) BVORTAC 109.2/LYH/122.1R 109.2T 025° 4.0NM
to fid. )

VHF/DF: Cic twr

Remarks; 'BC unusoble below 3500" MSL beyond 20 NM.
*Opers 0700-2300 Icl time.

MELFA NDB MHW 388/MFY

VIRGINIA Remarks: Owned & operd by Va Division of Aeronautics.
BLACKFORD (L} BVOR 110.2/BLA/122.1R FSS: BLUEFIELD MONTEBELLC (L) BVOR 112.6/MOL/122.1R FSS: CHARLOTTESVILLE
BLACKSTONE FSS 121.5 122.1R 122.6 123.6 MORRISON NDB MHW 248/MOV FSS: NEWPORT NEWS
BLACKSTONE NDB MHW .326/BKT NEWPORT ‘NEWS FSS 121.5 122.1R 122.2 122.6
Remarks: Opers 0600-2200 Icl time, other hrs cic Richmond FSS. NEWPORT NEWS
BROOKE (L} BVORTAC 111.8/BRV/122.] FSS:  WASHINGTON 8PATRICK HENRY /FR  9NW FSS: NEWPORT NEWS on Fid

R ———————
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EXAM-0-GRAMS

The Exam-o-grams are recommended for students who are earnestly seeking a pilot's
license. The information below is self-explanatory:

12/68
VFR PILOT EXAM-O-GRAMS

Exam-O-Grams are brief and timely explanations of important aeronautical knowledge items. These
items include concepts and procedures that are critical to aviation safety, common misconceptions
among airman applicants, and areas which cause general difficulty in written tests.

Exam-O-Grams are developed on a continuing basis, only as needs arise, and not on a regularly
scheduled basis. They are distributed free (one copy per request) to airman applicants, pilots, ground
and flight instructors, educational institutions, airman training centers, flying clubs, and other inter-
ested groups and individuals., Exam-O-Grams may be reproduced without further permission from FAA.

VFR EXAM-0O-GRAMS

Number Title Number Title ¢

2 VFR Cruising Altitudes 27 The Eff::ct of Wind on an Airplane

4 Preflight Planning for a VFR Cross- 28 Factors Aﬁecting Stall Speed
Country Flight (Series 1) 29 Potential Mid-Air Collisions -

5 Preflight Planning for a VFR Cross- (Series 2)
Cou?try thhf (Series 2) 33 Use of Performance Charts

° P?ﬁﬂ; ?ﬁéﬁi"éﬁ?k; X)ER CroseT a4 " H‘;”ﬁiz‘;i‘,?;’m“ Proper Weather

15 How to Use VOR (Seriés b 35 UNICOM Frequencies and Uses

16 How to Use VOR (Series 2) 36 Commonly Misunderistood Areas of

17 Common Misconceptions (Series 1) Aeronautical Knowledge (Series 1)

18 ‘ Lost Procedures -- Pilotage 37 Commonly Misunderstood Areas of

19 Emergency or Lost Procedures Aeronautical Knowledge (Series 2)
(Radio) 38 Mixture Control -- Fuel/Air Ratio

20 Ceiling and Visibility 39 Simple ADF for VFR Navigation

21 Flyiﬁg into Unfavorable Weather 41 ~ Controlled Airspace (Series 1)

22 Potential Mid-Air Collisions © 42 Controlled Airspace (Series 2)

.23 Interpreting Sectional Charts (Ser. 1) 43 ATIS (Automatic Terminal Information

24 Interpretirig Sectional Charts (Ser. 2) Service)

25 Interpreting Sectional Charts (Ser. 3) 44 How High the Clouds?

26 Common Misconceptions (Seri-es 2)

In this set of Exam-O-Grams the following issues have been deleted: Nos. 1, 3‘, 7, 8, 9, 10, 11, 12,
13, 14, 30, 31, 32, and 40. They have been discontinued since the subject areas which they cover are
now adzquately treated in one or more of the following FAA publications:

Private Pilot’'s Handbook - AC 61-23

Aviation Weather - AC 00-6

Airman's Information Manual (annual subscription)
Other pertinent FAA Advisory Circulars

Purchase from: Superintendent of Documents
U.S. Government Printing Office
Washington, D. C. 20402

The Advisory Circular checklist and certain free Advisory Circulars may be obtained from:

Department of Transportation : .
Fedetral Aviation Administration ‘
Distribution Unit, TAD-484. 3

Washington, D. C. 20590
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RESOURCES

" FAA ADVISORY CIRCULARS

The instructor is advised to subscribe to the FAA Advisory Circulars,
maintain a current file of them, and pass pertinent information on to his
students. These circulars provide a systematic means for the issuance of
nonregulatory material.

o

All advisory circulars are numbered to correspond with the sub-chapter,
part, or, if appropriate, the specific section of the Federal Aviation Regula-
tions. The general subject matter areas and related numbers are as follows:

Sub ject
Number - Sub ject “
00 General
10 Procedural
20 Aircraft
60 Airmen
70 Airspace
90 Alr Traffic Control and General Operations
120 Air Carrier and Commercial Operations
140 Schools and Other Certified Agencies
150 Airports
170 Air Navigation Facilities
180 Administrative
210 Flight Information

Each circular will have a subject number followed by a dash and a sequen-
tial number. The same sequential numbér will not be used again with the same
sub ject number. Revised circulars will have a letter A, B, C, etc., after
the sequential number to show ‘that the circular was completely revised.

v .

Advisory circulars will be distributed routinely to persons.on’the FAA's
mailing list for changes to the related Federal Aviation Regulations. Per-
sons who want the free advisory circulars should write to the Department of
Transportation, Federal Aviation Administration, Distribution Unit, TAD-484.3,
Washington, D. C.20590. Be sure to identify the subject matter desired by the
sub ject numbers and titles shown above, because separate mailing lists are
maintained for eaqh advisory circular subject series.

Some advisory circulars cannot be distributed free of charge. - To obtain
these make check or money order payable to "Superintendent of Documents' and
mail to the U. S. Government Printing Office, Washington, D. C. 20402, Indi-
cate the document number and title. Allow two to three months processing
time at the Government Printing Office.
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Reference Books and Information:

Above and Beyond: The Encyclopedia of Aviation and Space Sciences.
Chicago: New Horizons Publishers, Inc., 1968.
*Federal Aviation Administration, Advisory Circulars:

00-2 "Advisory Circular Checklist," (Latest Revision)

60-6 "FAA Approved Airplane Flight Manuals, Placards, Listings,
Instrument Markings - Small Airplanes,' (12-13-68).

61-34 Federal Aviation Regulations Written Examination Guide,

(11-17-67). ($0.50 GPO).
70/7460-1 Obstruction Marking and Lighting, (2-29-68). ($0.60 GPO)

90-1A "Civil Use of U. S. Government Produced Instrument
Approach Charts,' (4-10-68), '

90-11A "Air Traffic Control Radio Frequency Assignment Plan,"
(6-7-68).

143-1B Ground Instructor Examination Guide =~ Basic-Advanced,

(4~18-67) . ($1.00 GPO).
150/5340-7A '"Marking and Lighting of Deceptive, Closed, and Hazardous
Areas on Airports," (1-10-68).

Misenhimer, Ted G., Aeroscience, Culver City: Aero Products Research,Inc.,
1969. '

* See page 244 for information as to how to obtain.

Other Aics:

*Aero Products Research, Private Pilot Course, FAR Section.
AVCO, Private Pilot Course, FAR Section.
*Jeppesen & Company, Private Pilot Course, FAR Section.
*Sanderson Films, Inc., Federal Aviation Regulations, Private Pilot.

*See page 254 for addresses

o
8 Q)
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SPEED OF SOUND

INTRODUCTION

Man's conduest of the air has led him into increasingly greater speeds.
At one time the rate of a mile per minute was thought to be man's limit
because he could not catch his breath at speeds greater than 60 miles per
hour!

The piston engine reaches its limit at nearly 500 miles per hour,
but the reaction éngines have opehad up new horizons in speed. Within the
earth's atmosphere, man's speed limit is governed by the effectiveness of the
refrigeration unit hé carries, the melting point of his metal airplane, and
his earthboﬁnd brothers' tolerég;e to sonic boom. . But outside the atmosphere,
the limit is bounded by the speed of light and the gravitational effect of

the heavenly bodies.

Speeds will continue to increase both within and without the earth's
atmosphzre. How fast man will eventually be able to travel depends upon
his research and development in metals, ceramics, aerodynamics and pro-

pulsion. The next decade will see supersonic speeds well established as we

scoot around the world in our supersonic transports.




SPEED OF SOUND

TO THE TEACHER

This study outline is based upon the Shell 0il Company film series relat-
ing to the three areas of sonic flight; namely, "2pproaching the Speed of
Sound,'" "Transonic Flight,'" and "Beyond the Speed of Sound.'" Therefore, the
teacher should make every attempt to thoroughly acquaint himself with these ‘
films. |

All three textbooks listed in the resources have chapters related to the
speed of sound. However, it would be advisable to review a good physics text-
book in order to refresh one's memory regarding the fundamentals of the charac-
teristics of sound. '

The purpose in including this unit is to create an awareness of the student
and to energize his curiosity and thinking about this most timely aspect of
flight. After all, we must be able to live comfortably with supersonic speeds - -
it is here to stay with all its aerodynamic, social, economical, and physio-
logical problems.

ERIC | _ 102
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II.

III.

VII.

UNIT OUTLINE

Definition of
A, Wave motion
B. Properties of sound
C. Speed - in air at 59°F
1. Influence of altitude
change

the speed of sound

Substances through which sound travels

A. Air <
B Steel

C. Waﬁ%r

D Vacuum

Transverse and longitudinal waves

A, Crest

B. Trough

C. Amplitude
D. Frequency
E. Compression
F.

Rarefaction

How sound is produced - vibrating
objects

Source of pressure waves

Mach Number - definition

A, Speed ranges
1. Subsonic - below M 0.85
2. Transonic - M 0.85 to M 1.2
3. Supersonic - M 1.2 to M 5.0
4, Hypersonic - above M 5.0

Transonic flight

Formation of shock waves
Critical Mach Number (M crit.)
Bow wave
Mach cone
Sonic boom
Shock induced separation

Raising M crit.

Wing thickness

Sweepback

Tip stalling

Spanwise flow

Taper effect on tip stalling

and angle

OmMEmUuow>

bW -

101

Van Deventer, 108
Van Sickle, 67

Tower, 48
"Sonic Boom' - North American

Rockwell Corporation

Joseph; A Source Book for the
Physical Sciences, pp. 426~
431 for demonstrations

Van Deventer,'llO (Table)

Shell 0il Co. films: "Ap-
proaching the Speed of Sound"
"Through the Speed of Sound"
"Beyond the Speed of Sound"

Van Deventer, 109
Use tuning fork

Describe Doppler eifect

.V
M=z
M = Mach no.
v = True Air Speed
a = Speed of Sound

Van Deventer, 113, Fig. 6

FILMS: “Sonic Boom and You'
and "Ticket through the
Sound Barrier."

Misenhimer - High Speed
"~ Aerodynamics Unit
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H. Overcoming tip stall
1. '"Washout' wing tips
2, Vary section camber
3. Flow fences
4, Slats
I. Mixed flow M crit to M 1.3

VIII. Supersonic
A, Airfoil characteristics
1, Expansion wave
2, Double wedge
3. Double arc
B. Swept wing versus straight wing
C. Controls '
1. Slab stabalizer
. "T" Tails
. Control assists
. Servo tabs
. Vortex generators
eat barrier
. Temperatures
Metals, ceramics, paints
Cooling problems -- sealants
a, Tires
b, Fuel
c. Payload

2
3
4
5
H
1
2
3

Ric 102

Van Deventer, 122

Van Deventer, 127

FILM: "SST Film Report"
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RESQURCES

Textbooks:

Tower, Merrill, Basic Aeronautics. Fallbrook, California: Aerc Pub-

lishers, 1955,

Van Deventer, An Introduction to General Aeronautics. American Tech-
nical Society, 1965,

Van Sickle, Neil D., Modern Airmanship, 3rd Edition. Princeton, New
Jersey: Vun Nostrand, 1966.

Reference Books and Other Information:

Above and Beyond: The Encyclopedia of Aviation and Space Sciences.
Chicago: New Horizons Publishers, Inc., 1968.

Bisplinghoff, R. L., ''The Suvpersonic Transport,' Scientific American,
June 1964%.

Boeing Company, Sonic Boom. Boeing Document D 6 A 10598-1, 1967.

Duke, Neville, Sound Barrier: The Story of High-speed Flight. PhllOS-
ophic Libra:ry, New York, 1965,

Field, Roland L., Measurement of Sound Levels Associated with Aircraft,
Highway, and Railroad Traffic. U. S. Dept. of Commerce, Washington,
D.C. 1947,

Freeman, Jacob J., Principles of Noise. Wiley, New York, 1%58.

Hastings, Russell B., The Physics of Sound. Bruce Pub., St. Paul, 1960,

Joseph, Alexander, Paul F. Branawein, Evelyn Morholt, Harvey Pollack and
Joseph F. Castka, A Sourcebook for the Phy51ca1 Sciences. New York:
Harcourt, Brace & World, Inc., 1961.

Kinsler, Lawrence B., Fundamentals of Acoustics, Wiley, New York, 1962,

Peterson, Arnold P., Handbook of Noise Measurement. General Radio Co.,
West Concord, Massachusetts, 1967.

Rice, Raymond H., '"'Sonic Boom, " North Amerlcan Rockwell Corporation,
Los Angeles, Callfornla 90045

Roberts, Joseph B., The Sound of Wlnggj Readlngs for the Air Age. Holt,
New York, 1957.

Films:

*Douglas Aircraft Company, "SST Film Revort.' 1964, 22 Min. This film is
highly technical. It shows the testing and assembly techniques em-
ployed in the experimental phase of developing metal structures suit-
able for use in the proposed Supersonic Transport (SST).

*Federal Aviation Administration,''Sonic Boom and You,' (FA-811). 1968,
Color, 10 Min.

*National Aeronautics and Space Administration, "Ticket Through the Sound
Barrier,'" (HQk-SR 10). 1966, 28 Min.

*Shell '0il Company: '"Approaching the Speed of Sound," '"Transonic Flight,"
"Beyond the Speed of Sound."

* See pages 233 and 234 for addresses.

Other Aids:
-Bgeing Aircraft Co., Supersonic Transport Branch, Public Relations, Box
3733, Seattle, Washington, 98124. Information on current development of

the Supersonic Transport Aircraft.

Geneial Electric Co. Aircraft Engine Group, Cincinnati, Ohio, 45215. In-
formation-on current development of the GE4 turbojet engine for the
Supersonic Transport
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INTRODUCTION

Man readily adjusts to his surroundings if the extremes aren't too great.
The human body is capable of constant adjustments to changes in temperature,
physical activity, motion through space, acceleration and deceleration forces,
and so forth. However, the capability of the body to make these adjuscments
and to maintain the internal environment of the body within very narrow limits
is limited. 1In other words, man can stand only so much and no more!

In aviation, the demands upon the compensatory mechanisms of the body are
numerous and of considerable magnitude. Those demands ¢f greatest signifi-
cance are changes in: ‘

1. Pressure
2. Temperature
3. Velocity within the three dimensions.

Recently, aircraft have been developed that are capable of taxing man's
tolerances to the utmost. These aircraft cannot be operated at their full
capacity without mechanical aids that will enable pilot and crew to function
properly and without physical incapacitation.

It behooves pilots to understand the mechanical characteristics of their
machines and to know the functions of the human body under the special condi-
tions imposed by flight, and just as important, he must understand the mechani-
cal aids thi. enable him to survive and function within a hostile environment.

Since man is the major limiting factor in certain aspects of flight, it
again behooves him to overcome all indifference, ignorance, and carelessness
in order that all the foresight, ingenuity, and effort that have gone into
all aspects of flight planning not be nullified.
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PHYSIOLOGY OF FLIGHT

TO THE TEACHER

The unit on Physiology of Flight in the Aeronautical Science course has
significance for all students and special meaning to the pre-medical student.
Also, those considering nursing or research biology careers will find the
information helpful. It is intended to help the student to accomplish the
following goals:

1. To understand the basic needs of the human body.

2, To appreciate the effects on the body of oxygen,
temperature, and pressure.

3, To compiehend precautions to be observed for safe
and comfortable flight travel.

4., To recognize physical limitations of the body in
flight.

5. To realize the need that exists to overcome these
limitations.

-
P

!

References throughout the course outline are to sources listed at the back
of the unit on the page entitled '"Resources,"

Team-teaching with a physiology teacher is 5uggésted for this unit. The
school doctor or a local physician offers a resource possibility for a guest
lecturer. An FAA designated aviation medical examiner may be especially help-
ful. )
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UNIT OUTLINE

I. Physics of the Atmosphere Physiological Training,
PP. 2 - 5
A. Composition of the Atmosphere Sanderson Films, Inc.:
1. Nitrogen 78% Oxygen, Altitude and the
2. Oxygen 217% Body

3. Other Gases 1%
(Argon, Carbon Dioxide
Neon, Helium, Hydrogen)

4. DPercentages at Altitude Misenhimer - Physiology

of Flight Unit

B. Methods of Expressing Altitude
1. Gravitational Pull
2. Standard Atmospheric Conditions 29.92" HG
at Sea Level 14.7 lbs PSI at 15°C
3. Decrease of pressure and temperature with
altitude 1" mercury per thousand feet
33° F per thousand feet
C. Divisicns of the Atmosphere
1. Physiological Zone
a. Sea Level - 12,000 ft.
b. Minor physiological disturbances experienced
2. Physiological Deficient Zone
a. 12,000 ft. - 50,000 ft,
b. Oxygen deficiencies
c. Trapped and evolved gases become major
problems
3. The Partially Space Equivalent Zone
a. 50,000 ft - 120 miles
b. Pressure change only 1 PSI
c. Blood boils at 63,000 ft. without
pressurization
4, The Totally Space Equivalent Zone
a. 120 miles and beyond
b. True Space
II. Phiysical Gas Laws

A, Boyle's Law: The volume of a gas is inversely pro-
portional to its pressure, temperature remaining
constant,

B. Dalton's Law: The total pressure of a mixture of
gases is equal to the sum of the partial pressures
of each gas in that mixture.

C. Henry's Law: The amount of gas in solution varies

- directiy with the partial pressure of that gas over
the ‘solution.

D. Charles' law: If the volume of a gas remains constant,

the pressure will vary directly with its temperature.
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III. Respiration and Circulation Physiolopical Trainiuyg,
PP. 5 - &

A, Definition of Respiration
1. Absorption of Oxygen
2, Elimination of CO,

B. Process of Respiration
1. Inspiration and expiration
a. Muscular Action
b. Diaphragm
2 Nasal Passages
Windpipe and Bronchial Tubes
+. Lungs
a. Alveoli
b. Capillaries
c. Exchange of gases

~ W

C. Circulation
1. Function
2. Structure
a. Heart
b. Arteries
c. Veins
d. Capillaries

D. CO2 and Heart Rate

E. Composition of the Blood

1. Plasma
2. Solids
3. White Blood Cells
4. Red Blood Cells
5. Hemoglobin
a. Importance in transmission of oxygen
Iv. Hypoxia Van“Sickle, pp.235~246
A. Causes , Physiological Training,
1. Reduction of Partial Pressure pp. 8-10.

B. Symptoms

1. ' Breathing Rate 5. Vision Deficiencies
2. Dizziness 6. Coloring
-3, Tingling 7. Abnormal Behavior
"4, Sweating

C. Time of Useful Consciousness
1. At altitudes without supplemental oxygen
2. Factors

D. Overcoming Hypoxia

107
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The transfer of oxygen through the blood is thoroughly expisined by a series of suthantic medicel illustrations.

MEDICAL FACTORS OF FLIGHT [\

SECTION |

Oxygen, Altitude and the Body (Available now)
A discussion of the composition of the air and how oxygen trans-
fers from the air sac to the bloodstream providing an understanding
of whyd hypoxia occurs. Hyperventilation and its effects are .also
covered.

SECTION Ii

Oxygen Systems

The development of oxygen systems in use today as well as how to
use them.

SECTION 1l ;

Effects of Drugs and Alcoho

{in production for future release )} :

The effects of drugs and alcohol on body functions presented as
general information and in specific relationship to flying.

SECTION IV
Effect on Vision {In production for future release )

The eye and its function as it relates to the pilot and flight, including
depth perception, night vision, peripheral vision and relative motion.

SYMPTOMS OF HYPOXIA

Hypoxia is a rasult of insufficksnt suppty of oxygen.

~

Sanderson

FILMS, INC. AVIATION VISUAL AIDS
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V. Hyperventilation Physiology Training,
pp. 10 - 11.
A, Definition and Causes
B. Symptoms
C. Combined with Hypoxia o
D. Treatment %
%
VI. Decrmpression Sickness (Dysbarisms) Van Sickle, pp. 251-254
Physiological Training,
A, Definition pp. 11 - 15
B. Parts of Body Affected Show film: "Ry fu: Flight"
1. Ear Van Deventer, pp. 243-245
2., Sinus
3. Abdomen
a, Foods
b. Gastrointestinal gas expands with

4, Teeth

C. Causes and Effects Van Sickle, pp. 246-250

1. Formation of gas (Nitrogen)

bubbles cause pain
2, Nitrogen bubbles obstruct small

blood vessels and create pressure on

. small nerves 4

3. Pain is sudden and worsens if altitude

is maintained:

a.
b.

Age

[« BN U, T 0 UL OB T
« . s s e s

D. Decompression sickness occurs in direct ratio with:
Pressure altitude

Rate of climb

Total time spent at altitude

Amount of exercise performed

.Fatness of subject

E. Cure and Prevention
1. Only cure is immediate recompression (descent)
2., Prevention is afforded by breathing 1007 oxygen
an hour prior to take-off
3. Pressurized cabin is another prevention

R T ————————————..

altitude, bringing discomfort. It
is formed by swallowing air and by
digestive process and is formed by
foods such as beans, cabbage, fresh
bread, etc.

Bends - pain in joints

Chokes ~ chest pain, shortness of
breath, coughing

Skin burns, itches, becomes warm,
cold, and mottled - rash

Partial loss of vision and speech
and partial paralysis

Common, but rarely fatal, depend-
ing upon degree :

of subject
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VI. Decompression Sickness (Dysbarisms) Continued:

F. Evolved Gases

G. Nitrogen and Henry's Law

H. Paresthesia

I. Visual Disturbances

J. Shock

K. Treatment
VII. Pressurization Physiological Training,

. 15 - 17
A. Methods PP
B. High Altitude Emergencies
1. Sudden decompression due to: Van Sickle, pp 256-259

a. - Failure of pressurizing system
b. Break in cabin wall
2. Dangers include:
a. Being swept from plane by blast of air
b. Pain, but not injury, in the intestinal tract
c. Decompression sickness-
d. Hypoxia
3. Prevention includes:
a. Use of seat belts
b. Readiness of oxygen masks
c. Above 43,000 ft., use o>f pressurized
helmet, and automatic oxygen assembly.

VIII. Vision in Flight Van Sickle, pp. 259-265
A. Structure of the eye: Van Deventer, pp. 241-243
1. Cornea Physiological Training,
2, Iris pp. 17 - 19
3. Pupil Explore possibilities of
4. Lens team-teaching with the
5. Retina: physiology teacher or in-
a. Cones; central vision, color, vite a doctor as a resource
daylignt or Allumination person.
b. Rods: Peripheral vision and
night vision Check physics laboratory
6. Optic nerve manual for experiments on

light and images.

Borrow diagram of eye

from physiology “laboratory.
"Just a See Story'"- Approach -
The Naval Aviation Safety
Review Magazine’

B. Visual Acuity

1. Meaning of 20/20 Snellen Test of Visual Acuity
o 2. Diminishes toward periphery of
7 retina Sanderson Films, Inc.: Effect
3. Diminishes if eye is in motion on Vision <In production
4, Eye fatigue from ultraviolet and July 1969) -
o infrared light’

ERIC | BTG
..
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VIII. Vision in Flight (Continued)

C. Depth Perception
Ay
D. Night Vision -
1. Adaptation to dark (Vitamin A
required)
2. Eccentric vision (10° off-center)
3. Easily affected by hypoxia
4, Limited by smoking or by absorption
of carbon moncxide
5. Visual Illusions
a, Autokinetic or "stare' vision
b. Causes unknown
c., Cure: Shift gaze often

E. Color Vision
1. Hereditary blindness (or
deficiency)
10% of males: 2% of females
Red/green most often confused
Defect increases with excite-
ment or nervousness

ENN S N

F. High-speed Vision
1. Faster aircraft require:
a. Quicker recognition
b. Faster reaction time
2, Reaction time increased by mental
~~._ dullness, fatigue, or inattention

IX. Other Physiological Effects

A. Physiology of the Ear

B. Noise in Flight
1. Measure
a. Piltch ..
(1) Cycles per second (cps)
(2) Human range 500-5000 cps
b. Intensity
(1) Decibles (db)
‘?2) Audible range 10-140 db
2, Sources
a. Propeller-driven aircraft
(1) Propeller
(2) Engine
(3) Exhaust
(4) Ventilating system
(5) Aerodynamic noises

Experiment in darkened
room to determine the
difference between central
and peripheral vision.

The Ishihara test (colored
dots) will let students
evaluate their own degree
of color vision.

Use ear chart from
Physiolecgy Lab.

Van Deventer, pp. 243-248
Van Sickle, pp. 281-285

Physics experiments on
sound
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XI.

. B.

2. Other Physiological Effects Continued:

b, Jet aircraft
(1) Aerodynamic noises

" (2) Origin of most noise is out-

side aircraft
c. Radio static
3. Effects
a, Temporary hearing loss
b. Fatigue due to noise
4, Prevention
a. Ear plugs

b. Helmets padded with sponge rubber

C. Vibration
1. Effects on vision

D. Temperature extremes
1. Tolerances
2. Source
3. Extent and Dangers

E. Effects of Speed
l. Time Lag
a. Perception
b. Brain
c. Reaction

Sensory Illusions During Flight

A, Equilibrium Organs
1. Eyes
2. Inner Ear
3. Skeletal Muscles

B. Vertigo

C. Overcoming Illusions
1. Time Lag
2. Mechanical Substitutes - IFR
a, Instruments '
3. Frequencies of Illusions

Other Medical Factors

A. General Health
1. Conditions leading to sudden
incapacitation
2. Temporary incapacitation

rnysiological Training,

pp. 20 - 21

Physiological Training,

PP. 21

4

Physiological Training,
pp. 22 - 26, :




166

PHYSIOLOGY OF FLIGHT

XI.

XII.

Other Medical Factors - Continued

B.

C.

H.
I.
J

Fatigue

Alcohol
1. Metabolic Rate
2. Effect

Drugs

1. Self-medication
Aspirin
Antihistamines
Reducing Drugs
Laxatives
Cough Mi