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FOIDllORD 

"Instr1m1ent and Radio Flying" is intended solely for pilot use . 
Its subject matter is confined to the infonnation the pilot must 
have to fly an airplane on instruments, competently and safely. 
Material which ls not essential to the pilot ls not included. The 
book is written as a self-instructor for those pilots who do not 
have the services of a competent and experienced instructor, and as 
a supplementary guide for those who do. 

As "blind flying" instructor and check pilot for American Air-
1 ines , Inc., my efforts for the past six years have been largely de
voted to teaching instrument flying and radio navigation, and im
proving instrument flight technique in actual practice on schedule. 
Two years ago, as an aid to our second pilots preparing for their 
ratings , I prepared a booklet, "Instrument Flying Instructions",de
signed to be used as a self-instructor in instrument flying through 
the test for rating. 

The present book is an expansion of that first booklet. It ls 
an expansion in that many factors familiar to airline pilots (and 
thus left out of the first booklet) have been included to make this 
edition applicable to any pilot - scheduled, military or sportsman -
and in that this edition goes beyond the test for instrument rating, 
includes the modern instruments, radio direction finders and other 
aids now available, and covers the practices and operation of actual 
instrument flights along the airways. 

In the chapters devoted to Elementary Instrument Flying (Chap
ter II) and Elementary Radio Range Flying (Chapter IV) the indicated 
training program follows a logical outline of development, taking up 
each instrument or maneuver in the order which experience shows the 
whole problem can be best mastered. After the explanation of each 
instrument or maneuver will be found one or more "Training Stages" 
which are practice exercises or outlines of what to do on practice 
flights or in the Link Trainer. 

The instructions throughout the entire book apply to the Link 
Trainer as well as to an airplane . Just about every instrument man
euver that can be made in an airplane can be accurately simulated ln 
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a Link Trainer. If you have access to a Link Trainer it is recom
mended that your preliminary practice in each stage be done in the 
Link. First work out in it your more obvious kinks and problems of 
control, coordination or radio flying; you will then have them 
largely solved· when you go to practice in actual flight. 

The task of the instrument pilot is becoming easier. Improve
ments in standard instruments and radio equipment have taken many of 
the 'bugs' out of the job as it used to be. New equipment now being 
developed will remove many of ttose still present. The Bureau of 
Air Commerce embarked on, and the Civil Aeronautics Authority will 
continue, an ambitious program of modernizing the older aids to nav
igation and installing new ones as rapidly as funds permit. To this 
end the old loop-type range stations, with their "revolving beams" 
are being replaced with five-tower Adcock vertical radiator systems; 
ranges are being relocated for better instrument approaches to air
ports and the distorted range patterns of many old ranges are being 
squared up. Typical is the plan for improvement of the situation at 
Newark which involves the elimination of the traffic bottleneck at 
Martins Creek and the squaring of the Newark range. The Newark 
range and the Martins Creek intersection are extensively used in 
this manual as examples. Since these examples are illustrative of 
principles applicable to any range, they are permitted to stand de
spite the fact that since those chapters were written,the moderniza
tion program in the Newark area has been largely completed. 

Instrument flying is based on cold logic; there is nothing of 
the "born pilot" about it. It is designed to produce the utmost in 
accuracy and efficiency and thus safety. Its development has been a 
mutual enterprise; anyone finding a new wrinkle or a better twist 
has been glad to broadcast it for the good of all. If this book 
seems to be preponderantly American Airlines, it is simply because 
I am part of American Airlines, know its practices and procedures 
and have access to its forms. I am familiar with the practices of 
other airlines, and except for very minor and unimportant details, 
all are as standardized as peas in a pod. 

To the preparation of the book many pilots, engineers, and 
specialists have contributed suggestions and criticism,for which I 
am sincerely appreciative. For their kindness in reading manuscript, 
checking the accuracy of statements, noting omissions and assisting 
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in many other ways I particularly express my thanks to Mr. George 
McCabe, Chief Pilot and Mr. D. K. Smith, Link Trainer Instructor of 
American Airlines, Inc. at Newark; Mr. Harold E. Gray, fonnerly 
Supervisor of Radio Equipment for American Airlines and now Research 
Engineer, the B. G. Corporation, New York; Mr. Earl F. Ward, Chief, 
Airways Operation Division, Mr. J. B. Jaynes, Chief, Airline Inspec
tion Section, Mr. Glenn A. Gilbert, Chief, Airway Traffic Control 
Section, of the Bureau of Air Connnerce at Washington, Mr. Lowell 
Harding and Mr. Nelson David, Airline Inspectors and Mr. E. A. "Ted" 
Westlake, Acting Manager of the Airway Traffic Control Statton at 
Newarl<; Mr. David s. Little, Manager, Aviation Radio Section, RCA 
Manufacturing Company, Camden; Mr. C. K. Wildman, Ass•t. to the Vice 
President, Mr. F. L. Moseley and Mr. Joseph Lyman,Project Engineers, 
of the Sperry Gyroscope Company, Brooklyn. Each of these gentlemen 
has contributed materially to the completeness and the accuracy of 
the text. 

Every pilot with whom I have ever flown has contributed to the 
preparation of this manual, for it is written from actual experi
ence. 

American Airlines, Inc. 
Newark, N. J. 

August 1, 1938 
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HOW TO START 

CHAPI'ER I 

HOW TO START 

If my small son were old enough to fly and wanted to learn, I 
would start him out under the hood in a Link Trainer, then put him 
under the hood in an airplane and have him acquire a reasonable mas
tery or the fundamentals or instrument flying before he started to 
do ~ contact flying. After that he would learn take-offs and 
landings and contact flying in the usual way. I may be prejudiced 
on the subject or the necessity and value or an understanding or the 
principles or flight control by instruments, but I know that a great 
many experienced instructors agree with me. Certainly in this day 
and age no pilot who ls not a good instrument pilot can lay any 
claim to being an expert pilot. It is easier to learn the princi
ples or instrument flight ~ and to follow with contact flying, 
than to reverse the order. There is much less to unlearn; mislead
ing sense-or-reel will not be encouraged and flying by instruments 
will be a natural way or flying instead or an artificial way - dif
ficult to learn after mastering contact flight, 

In order to fly by instruments you must know just what infor
mation each instrument will give you and what it will not give you. 
You must know just what each movement or each instrument means in 
tenns or corresponding movement or the airplane and what you must do 
to control that instrument; for when you control the instruments you 
control the alrp!ane. We will take up these instruments one at a 
time and develop this information in the order in which the instru
ments should be mastered. 

Equipment 

It ls necessary to use an airplane equipped with at least the 
fundamental instruments - turn and bank indicator, air speed indica
tor, rate or climb (vertical speed) indicator, sensitive altimeter, 
magnetic compass, clock with a second hand, tachometer and radio 
range receiver. You must have some means or hooding the cockpit so 
that you cannot see anything outside or it, but have an unobstructed 
view or all the instruments. In addition to the usual rudder, ele-
vator and aileron controls, you must have under the hood throttle, 
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INSTRUMENT AND RADIO FLYING 

stabilizer and radio volume controls, and, it possible, the radio 
tuning control as well. The radio volume control should be located 
near the throttle, or at least so placed as to be operated by the 
same hand used tor the throttle. The ignition system ot the engine, 
including the magnetos, must be properly shielded tor radio recep
tion. The low tension electrical system should be shielded and the 
various parts of the airplane electrically bonded tor good recep
tion. 

It the safety pilot is really to instruct or criticize what 
goes on under the hood, he must be able to watch the student's in
struments or have duplicate instruments calibrated to give the same 
readings as those the student ls using. He cannot properly criti
cize the actions of the student unless he sees what movement ot the 
instruments caused the student's reactions. 

The hood may be made in a great variety ot ways. In the con-
ventional open cockpit, tandem airplane it is normally made of canvas 
stretched over a hinged frame (of non-magnetic material) designed to 
completely cover the entire cockpit opening. In cabin airplanes the 
windows are usually covered with canvas, heavy drill, or oil cloth 
attached by snap fasteners which can be pulled off quickly. It the 
cabin plane has side-by-side seating for student and instructor or 
safety pilot, it will be necessary to keep the windows on the in
structor's side unobscured so that he may see out and prevent col
lisions. This is usually accomplished by using a drop curtain be
tween the seats, leaving the windows on the instructor's side un
covered. With this arrangement the instructor must be able to see 
the student's instruments either by looking around the back ot the 
curtain or underneath it. I have known ot some cases where the 
hooding was accomplished by covering the windows on the student's 
side with an easily removable cleanser, such as metal polish, using 
a drop curtain in the center. This is a fairly good method it the 
windows can be opened quickly. 

It is necessary that means be provided to ventilate the hooded 
cockpit. The cover must flt so tightly that not only is the student 
prevented from seeing out but that the annoying shafts of sunlight 
which come through holes or cracks are eliminated. Otherwise, with 
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every move of the ship, these go wandering around the inside of the 
cockpit and are most disturbing. Without ventilation this tight flt 
is suffocating. 

The safety pilot must have unobstructed vision over a wide 
angle. There ls danger of collision in congested areas if the safety 
pilot cannot see out both sides of the plane without too much ef
fort. He should be devoting the major part of his attention to the 
flight instrtments, and for ttls reason he must be able to spot 
other airplanes easily and with only a quick glance. Because it 
meets these conditions in a satisfactory manner, the tandem type, 
open cockpit plane has been most popular for instruction purposes. 

Intercockplt Communication 

There must be easy communication between student and instruc
tor. In the open cockpit, tandem type this is normally accomplished 
by an inter-phone hooked up through the audio frequency circuits of 
the receiver and into the same headsets which receive the radio 
range signals. Side by side communication can usually best be ac
complished by pointing and speaking. 

Full instructions for the installation of a simple and effec
tive two station inter-phone system will be found in Appendix "A" . 

Panel Arrangement 

It will take only a very limited experience in instrument fly
ing to realize the great importance of proper grouping of flight in
strtments. As we shall see, lnstrtment flying must be done by using 
several lnstrtments in combination. Therefore, lnstrtments must be 
arranged on the panel in such a way that these combinations of re
lated instruments can be used together with a minimum of eye travel. 

The three primary flight instruments, that ls, the air speed 
indicator, turn and bank indicator and rate of climb indicator, are 
always grouped as closely as possible in a horizontal line and in 
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that order left to right. The reasons for this will be quite ob
vious by the t!me you have reached the Fourth Training Stage. Since 
the turn indicator controls the compass, it is desirable that the 
compass be mounted directly above or below the turn indicator. This 
ls particularly important when training for instrument rating test 
where the use of the directional gyro is not permitted. The rate of 
climb indicator controls the altimeter and many pilots prefer having 
the altimeter either directly above or below the climb indicator. 
For my own part I prefer lt either directly above or below the air 
speed indicator. Particularly in making low instrument approaches 
to fields, I am more interested in these two indications - speed and 
height - than any others on the board. A clock with an easily vis
ible sweep-second hand is essential and should be mounted adjacent 
to the flight group; stop-watch features are desirable. 

Since you will learn to control your rate or climb indicator by 
the throttle (when the air speed must also be under control) it is 
desirable to have the tachometer immediately adjacent to the rate of 
climb. Thus for the primary group ot instruments the ideal panel 
arrangement would look somet!11ng like this: 

PANEL ARRANGEMENT FOR PRIMARY FLIGHT GROUP (TRAINING) 

Since in taking a test for Instnunent Rating the candidate is 
permitted by the Civil Aeronautics Authority to use only the instru
ments in this group, the above is the best arrangement for training 
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purposes. It does not matter particularly whether the 1nstru.11ents in 
the top line are directly above or below those in the second line. 
The important thing ls to have those in the top line in the most 
easily visible position and directly above or below those in the 
other line. The compass should be directly above or below the turn 
and bank and the altimeter directly above or below the air speed. (or 
if you prefer, for primary work, directly above or below the rate of 
climb). The clock should be adjacent to the turn and bank and the 
tachometer to the rate of climb. 

Normal Flight Group 

While actual instrument flying ~ be done with only the in
struments listed in the primary flight group above, it very seldom 
ls. The directional gyro and the artificial horizon are Just as much 
standard equipment for actual instrument flight as tl!e compass and 
the altimeter. Having in mind much the same idea of cond1t1on1ng or 
training as a boxer doing road work or skipping the rope, the Civil 
Aeronautics Authority requires that tests for an instrument rating 
be flown using the primary instruments only, and for purposes of 
training this restriction ls sound. Therefore, in Coapters II, IV, 
VI and VII,whlch are concerned with elementary instrument flying and 
are designed to prepare you to pass an Instrument Rating test, very 
little mention ls made of the directional gyro or artificial hori
zon. But don't lose sight of the fact that the preparation for and 
passing of this test ls elementary instrument flylnr; - a series of 
exercises designed to prepare you for the real Job by having you 
master the fundamental principles of instrument control. As soon as 
you receive your rating, practice the test routine several times, 
using the directional gyro and artificial horizon. Having mastered 
the primary group it will take only a little practice to learn to 
use these instruments. The necessity for having them when under 
actual blind conditions, the simplicity and greater accuracy of the 
Job, and consequent extra safety due to their use, will be instantly 
apparent. Anyone trying to make an instrument flight under actual 
blind conditions with only the primary instruments would be operat
ing under a tremendous handicap. 

In panel arrangement for the normal group of flight instruments 
the same fundamental requirement of arranging instruments for easy 
visibility, with a minimum of eye travel from one instrument to its 
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related instrLUDent, applies. The directional gyro should be mounted 
in the most easily visible position directly above or below the turn 
and bank indicator, since these two instruments are used together 
just as the compass and turn indicator are used. Since many of the 
problems of instrument flight can be handled with the directional 
gyro and artificial horizon alone, it is desirable to hav.e these two 
instruments mounted alongside each other. 

Modifications of panel arrangements are usually necessary, due 
to panel size or room behind the panel, but insofar as space pennits 
the following arrangement of flight instruments is recommended: 

*MAGNETIC COMPASS HER£ BUT PREFERABLY IN THE "Y" Of THE 'MNOSHIELO. 

PANEL ARRANGEMENT FOR NORMAL FLIGHT GROUP 

Because of the limited space on the board, the usually poor 
visibility at the bottom or the panel, and the magnetic influences 
frequently found on a panel, it is customary to place the magnetic 
compass in the "V" of the windshield when the ship is equipp~d with 
a directional gyro. 

When the ship equipment includes a radio direction finder with 
visual right and left indicator, it is desirable to place this 
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indicator in the position occupied by the gyro in this arrangement, 
moving the gyro and horizon one position to the right, 

It will be noted that these arrangements cover principally 
flight instruments. Naturally it is desirable to group engine in
struments as much as possible. The tachometer is included in the 
flight group because there is a very definite relation between it 
and the rate of climb. Manifold pressure gauge should be mounted 
next to the tachometer and other engine instruments as close to it 
as space peimits. 

How to Use This Instruction Book 

It is my experience that practically the same explanation must 
be made to all pilots learning to fly by instruments, whether they 
be airline pilots or amateurs. These instructions are merely the 
explanations that I have made orally for years to the pilots of 
American Airlines and others, condensed and set down in black and 
white. 

Because they are of necessity condensed it is essential that 
you carefully read and thoroughly understand them. In talking with 
you face to face, inflections of voice, gestures, etc. help to em
phasize and explain. That is not possible in a book, although the 
attempt to emphasize particularly important points is definitely 
made. But don't just skim through the text and think you have it. 
The skinuning type of information has already been ski11Dned off. Study 
it paragraph by paragraph, visualize to yourself what is meant and 
THINK, and you can teach yourself to fly by instruments. Hit the 
high spots and your instrument flying will be as full of holes as a 
piece of cheese. 

Before you take off to practice any of the training stages, be 
sure you (1) have a fairly considerable proficiency in all of the 
training stages which precede that one (for all of these stages are 
progressive and each leads to the next); (2) that you thoroughly 
understand the explanation and instructions applicable to the stage 
you are going to practice; (3) that you definitely understand that 
the instructions mean what they say literally, that is, if the in
structions say to do something "exactly so and so", they quite def
initely do not mean "about so and so". 
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When you get back on the ground, read the applicable 
over again - study them. You'll find what it was that 
wrong, and why. 

sections 
you did 

I taught myself some or the tirst principles of instr\.Ulient 
flight while hooded cockpits were a curiosity. The method used then 
will still be found helpful. While flying along in good weather I 
made it a practice to put my seat way down so that I could only see 
over the side with effort, and concentrated on keeping the ship 
straight and level and on course with the instruments, occasionally 
looking out to be sure I was still right side up. The same procedure 
will be particularly helpful in giving you a definite understanding 
of what each movement or the instruments means in terms or corre
sponding movement of the airplane. It is recommended that on any 
phase of the training schedule with which you experience difficulty 
you try this procedure to help correct your troubles. 

In using the first edition of this manual on American Airlines, 
the practice is for two second pilots, both of whom are undergoing 
training for their instrument rating, to pair up. For the first 
hour one man is under the hood and the other acts as safety pilot. 
Then they change positions for an hour. In the beginning about 45 
minutes at a time under the hood is long enough, for the tension and 
strain is very tiring at first. However, one of the first things 
that the student must learn is that tenseness and strain get him 
nothing but trouble. When he learns to take it easy, he can carry 
on for long periods without getting tired. During the first few 
hours it is a good idea to have the safety pilot take over the con
trols every ten or fifteen minutes tor a short period so that the 
student can relax, take the strain oft his eyes and the kinks out of 
his legs. 

When you first started your primary flight training, over-con
trolling was one or the main things you had to overcome; so it will 
be in learning to fly by instruments. Over-controlling means troub
le. Most airplanes are quite stable in flight; if you leave them 
alone they will fly along fairly well by themselves; you know by ex
perience that it takes only the lightest touch on the controls to 
correct any tendency they may have to wander of r the straight and 
level. The fact that you are under the hood means nothing to the 
airplane; its flying characteristics are unchanged. It you will 
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only remember that light touch on the controls, you will be over one 
af the biggest hurdles in learning to fly by instruments. 

When you practice under the hood in an airplane,have the safety 
pilot take the ship off and climb it to a reasonable altitude. In 
the early stages have him adjust stabilizer and throttle before 
turning the ship over to you. Before taking off, there should be a 
definite understanding between you and the safety pilot or instruc
tor as to just what maneuvers or training stages are to be accom
plished on that flight. A flight without a definite plan of flight 
is time wasted. 

If the safety pilot is competent to instruct, he should, before 
the take-orr, review just how these maneuvers are to be accomplished 
and point out the difficulties usually experienced and their cure. 
After landing he should carefully review what has occurred, paying 
particular attention to errors, the reasons ror them, and the proper 
method of correcting them. It is my experience that the best way to 
teach sound, safe instrument flying is to do most or the explaining 
on the ground, just before and arter each flight. About an hour's 
explanation and criticism on the ground for each hour in the air or 
in the Link Trainer is a normal allocation or time. Keep conversa
tion in the air to the minimum necessary for immediate corrections 
or a word or two as a reminder or what has been covered on the 
ground. 

Criticism must be based on what the instruments indicate, not 
on what the plane does, for the instrument indications are the only 
infonnation received by the man under the hood. Likewise instruc
tions should be worded in instrument indications - not "Pull up 
your left wing" but "Center your ball", etc. 

Even if your safety pilot is not an experienced instructor, he 
can still help your progress materially if you both will keep the 
provisions or these instructions in mind. You can learn almost as 
much about instrument flying by acting as sarety pilot as you can 
under a hood PROVIDED you carefully watch the instruments as well as 
the action of the plane, and do a little thinking at the same time. 
Ir the safety pilot will follow through lightly on the controls, at 
the same time he is watching the instruments and the airplane, he 
will learn some things to do - many not to do; both the safety pilot 
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and the man under the hood will profit by his thought and intelli
gent criticism. 

I cannot emphasize too strongly that practice ls necessary, and 
then more practice and even more practice, even after you have your 
Instrument Rating and have becane a skillful instrument flight pi
lot. For flying by instruments requires skill of a very high order -
and like anything requiring skill, it requires practice to maintain 
that skill, whether it be playing the piano, golfing or flying by 
instruments. In spite of the fact that airline pilots do a great 
deal of actual flying by instruments on schedules, every one of them 
puts in several hours each month under a hood and frequently under 
the watchful and critical eye of a check pilot , That is to maintain 
their smoothness and accuracy and their skill. 

Caution 

Most important of all - don't get cocky, Just because you have 
an instrument rating and a sweet flying airplane and all the instru
ments money can buy, don't think you have a license to go barging 
out into any sort of weather. There is a lot of difference between 
flying on instruments under 'a hood with a safety pilot to keep you 
out of trouble or flying on top with a good ceiling and visibility 
under you, and in flying on instruments in really tough weather. 
The most important thing about instrument flying is knowing when !!Q! 
to do it. Don't forget that airlines cancel a sizable proportion 
of their schedules because the weather is unsafe for flying - and 
that means not sufficient margin of safety. No airline operator 
ever knowingly goes the limit on safety - and airline pilots are 
'hot' on instruments; they are kept to the peak of proficiency by 
constant practice, are flying routes where they know every high 
point, every obstruction, every airport, every beam and every ap
proach procedure as well as you know the furniture in your own liv
ing room. They are flying multi-engined equipment, and in addition 
to this reserve of power they have a reserve of fuel not usually 
available to the non-scheduled pilot. They have constant expert 
maintenance of engines, airplanes, instruments and radio. On top of 
all this they have an experienced and competent ground organization 
watching the weather ahead, able to assist with dependable informa
tion and advice, prepared to turn them back or reroute them if the 
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weather ahead gets too tough or looks to the meteorologist and 
flight dispatcher as though it might become unsafe. 

When it comes to flying actual weather, take it easy! Unless 
you are flying on an airline you will have no ground organization 
looking out for you - you are on your own. Know what you are run
ning into before you take off, and be sure that the conditions at 
the time or take-off, en route and forecast for your arrival are 
well above your limitations. Give yourself a sizeable margin or 
safety and always have a •sure out', a place you can run to that you 
know is all right and going to stay all right. 

Even the best or engines with the best or maintenance fail at 
times. It is certainly tempting rate to push a single-engined air
plane into really tough conditions unless all the occupants wear 
parachutes and are willing to use them. The following pages will 
teach you to do an expert job or instrument flying, but there are 
limits to even the most expert job, Your judgment and your know
ledge or your capabilities and limitations and those or your equip
ment must set those limits. Set them plenty high and don't be 
tempted to lower them. 

Carburetor Ice 

One of the greatest hazards in instrument flying is 
ice, which is just as prevalent in summer as in winter. 
more likely to occur in instrument flying than in contact 

carburetor 
It is much 
flying be-

cause when flying on instruments there is present an unlimtted sup
ply or moisture in finely divided form which is particularly avail
able and susceptible to ice formation. An iced-up carburetor with 
resultant engine stoppage when flying through an area of low ceil
ings and visibilities is not conducive to a serene and happy old 
age - or any old age at all. 

Venturi type carburetors are almost perfect mechanical refrig
erators. The temperature difference under extreme conditions between 
the intake air and the mixture is as much as so° F. The amount or 
temperature drop varies between different types or makes of engines 
and carburetors, and in the same type varies with intake air temper
ature, humidity, super-charger ratio, manifold pressure and r.p.m. 
The average drop for modern high-powered,h1ghly supercharged engines 
is close to 40° F. Thus the temperature range of the intake air or 
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55 to 70° F is the range where carburetor icing is usually greatest. 
Speaking generally, the higher the super-charger ratio, the . higher 
the intake air temperature, the higher the manifold pressure (or 
r.p.m.) or the greater the ·humidity, the greater will be the temper-
ature drop through the carburetor. If you do not know the range or 
temperature drops for your particular engine and carburetor combina
tion, get in touch with the engine manufacturer and find out. 

On low powered engines a hot-spot on the carburetor will handle 
most icing situations. The sure cure for any engine is adequate 
carburetor intake air pre-heating. For high pC7.'lered engines it is 
usually considered that to be adequate the pre-heater must have suf
ficient capacity to raise the temperature or the intake air by 60 to 
80° F. Many "standard" pre-heater installations as d.e11vered by 
the airplane manufacturer have insufficient capacity and must be 
"stepped up" after delivery. Check yours before doing any actual 
flying on instruments. 

Improper control or pre-heating can also be dangerous. At very 
low temperatures the moisture in the air ls in the form of ice 
crystals and usually (not always) these crystals pass through the 
carburetor system without sticking. At low temperatures, if only 
enough heat is added to bring the intake air temperature up to the 
icing range, ice will form in the carburetor, whereas if no heat had 
been used, there would probably have been no ice. This is why a 
pre-heater capacity or 60 to 80° is sufficient to prevent ice;for if 
that much pre-heat, combined with proper use of the mixture control, 
will not keep the mixture temperature above freezing, the outside or 
free air temperature is cold enough so that without any pre-heat, 
ice will not stick. 

Use or too much pre-heat causes detonation, loss of power and 
excess fuel consumption. The ~ amount of pre-heat is the mini
!!!!:!!!! necessary to keep the mixture temperature above freezing. At
tempts to control this amount or pre-heat by measuring the temper
ature of the intake air are not very satisfactory because the tem
perature drop varies so greatly with different conditions. Most air
lines mount a thermocouple bulb in the adapter between the carbure
tor and the engine and measure the temperature or the mixture at 
this point, which is approximately its coldest point. By using just 
enough pre-heat to maintain the mixture temperature at this point 
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between 35 and 40° F., there is sufficient margin to compensate for 
possible errors in the instrument, its installation or the bulb lo
cation; ice cannot form because the temperature is kept above freez
ing. By not exceeding this mixture temperature range, excess pre
heat is kept to a practical minimum. 

The idea of the pre-heater 1s to prevent ice. It is much 
simpler to keep ice from fanning in the carburetor than to remove 
1ce that has already formed. The first indication of carburetor ice 
is a drop in boost (manifold pressure) and a loss of power or r.p.m. 
When the engine loses power, there is less heat available for the 
pre-heater; thus less heat to raise the int~ke air temperature to a 
point that will not only prevent additional ice from fanning but al
so remove the ice that has already formed. It is a vicious cycle. 
The prevention of carburetor lee, or the quick detection and removal 
of lee that has formed, is a necessity for safe instrument flying. 
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CHAPTER II 

ELEMENTARY INSTRUMENT FLYING 

When you control the instrtm1ents you control the airplane. The 
standard system of instrument control the world over is the 1-2-3 
system first correlated by the late Howard c. Stark, the essentials 
of which are: 

1. Control of the turn indicator by the rudder. 
2. Control of the ball-bank indicator by the ailerons. 
3. Control of the air speed indicator by the elevators. 

To these, modern practice adds a fourth fundamental - control 
of the rate of climb indicator by the throttle when flying at a 
fixed or reduced air speed. Basically this is all there is to in
strtm1ent flying. 

Turn Indicator 

The turn indicator is the foundation of ALL instrtm1ent flying. 
No matter how many instruments you may have on your panel, the turn 
indicator will be number 1 in every move you ever make. It is vital 
that you acquire the habit of watching it at all times and of cor
recting it or reacting to it FIRST. You will not be even a poor in
strtm1ent flight pilot until you have acquired the habit of doing 
this instantly, unconsciously and automatically, even while watching 
and controlling other instrtm1ents at the same time. "Instant" and 
"automatic" control ot the turn indicator are not exaggerated terms, 
tor as will be developed later, you will have to keep your mind free 
tor other things. The only known way to acquire this facility is 
practice. 

The turn indicator, as its name implies, indicates any turning 
movement of the airplane around the vertical axis (dtrectional 
change). The sensitive element of the instrument is an air driven 
gyroscope. The bank indicator, which indicates motion around the 
longitudinal axis, is built into the same case to facilitate co
ordination of these two vital flight functions. 

A turn to the left is indicated when the needle or the turn 
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indicator moves to the left from the lubber line at the top center 
ot the dial (see Figure l); a turn to the right when it moves to the 
right. . It there is no turning motion around the vertical axis (the 
airplane is moving in a straight line directionally) the needle will 
be exactly on the lubber line. Turning motion about either the 
longitudinal (banking) or lateral (pitch) axes of the airplane will 
not move the turn indicator; only tuining motion around the vertical 
axis will deflect it. But ~ such turning motion, no matter how 
slight or tor how short a time will deflect it. 

The turn indicator is a rate instrument: the taster the rate of 
tuin, the farther the needle moves ott center. Since it is a rate 
instrument it must be calibrated and kept calibrated, or it will be 
impossible to tell how fast a turn is being made. The standard cal
ibration is tor the needle to show a clear space equal to its own 
width between the edge of the lubber line and the edge of the needle 
when the airplane is making a complete 360 degree turn in exactly 
two minutes (turning at the rate ot 3° per second). In this position 
the needle will about split the letters "T" or "N" in the word 
"TURN" on the dial. 

This two-minute turn is tundamental. It is called a "Normal 
Turn" and next to the ability to fly straight and level the ability 
to make accurate turns at the rate of 3° per second is a close sec
ond in importance, the reasons tor which will develop later. Ac
curate indication ot this exact rate of turn by the turn indicator 
is so important that airlines have taken means to have the dial show 
the exact position of the needle tor a two minute turn. The usual 
method and that used by American Airlines is to have two dots or 

FIGURE 1: INDICATION FOR A TWO MINUTE LEFT TURN 

15 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



I N S T R U M E N T A N D R A D I 0 F L Y I N G 

supplementary lubber lines (see Figure 1) spaced exactly the width 
of the hand from the edges of the lubber line. 

Calibration is accomplished by the use of a snall screw in the 
side of the case marked "S" for sensitivity. Sensitivity is first 
correctly set, then the instrument is damped down somewhat by the 
use of a small screw on the opposite side of the case, marked "D" 
for damping. An instrument that is too sensltive (needle goes out 
too far), or insufficiently damped will be very jiggly, particularly 
in rough air, and lead to over-controlling. An instrument that is 
too stiff (not sensitive enough), or damped too much, will not in
dicate a change of direction plainly enough. It is possible to make 
these adjustments in the airplane, but the job can be done much 
better on a turn table in an instrument shop. Another variable is 
the amount of vacuum used to drive the instrument . The instrument 
ls designed to operate at between 1-3/4 and 2 inches of mercury and 
variation beyond these limits will affect its sensitivity. 

The instrument should be mounted on the panel as nearly as pos
sible . directly in front of the pilot in a highly visible position. 
The three fundamental flight instruments are the air speed indica
tor, the turn and bank indicator and the rate of climb (vertical 
speed) indicator, all or which must be used together or in combina-
tion. In other words, the pilot must watch all these and react to 
all these at the same time. To facilitate this combined use with a 
minimum of eye travel, the standard mounting is to place them on the 
same line hor1 zontally, the air speed indicator on the left, the 
turn and bank indicator in the center and the rate of climb indica
tor on the right. They are mounted as closely together as possible. 

Having the turn indicator properly calibrated, damped and 
mounted, here's the rule for using it: 

While 1t ls perfectly true that an airplane ~ be turned 
with the ailerons, and that this turning will, of course, 
move the turn indicator, it is impossible TO CONTROL AC
CURATELY the turn indicator with the ailerons. Therefore, 
THE TURN INDICATOR IS CONTROLLED SOLELY WITH THE RUDDER. 
This is the "l" of the "1-2-3" system of instrument fly
ing. 

Since the turn indicator shows the rate of turn, the farther 
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off center the needle moves, the raster the turn, and if correctly 
banked, the steeper the bank. Remember, though, that the action or 
this instrument is completely independent or the speeq or the air
plane; it indicates the speed or rate or turning (the angular velo
city), regardless or air speed and regardless or the correctness or 
the bank, 

It so happens that when ~ airplane is correctly banked for a 
two minute turn, it will be in approximately a 15° bank, and thus 
indirectly the turn indicator shows the amount or bank (see Figure 
1). For a 30° bank the inside corner or the turn needle will be on 
the outside corner or the dot,or an additional width or the hand out 
from the 15° bank position (see Figure 2). A 30° bank is approxi
mately a 1 minute turn (360° turn in one minute); a 45° bank approx
imately a 30 second turn. For a 45° bank, there will be a clear 
space or approximately the width or the turn needle between the 
needle and the dot, or an additional width or the hand out from the 
30° bank position - approximately half way between the "L" or "R" 
and the lubber line (see Figure 3). 

FIGURE 2: INDICATION OF THE TURN FIGURE 3: INDICATION OF THE TURN 
INDICATOR FOR A ONE MINUTE TURN-
300 BANK 

Bank (Ball) Indicator 

INDICATOR FOR A HALF MINUTE TURN-
450 BANK 

The ball indicator in practical use is really more an indicator 
or coordination between the rudder and ailerons than a bank indica
tor. 

When the rudder and ailerons are being correctly used to
gether, the ball is exactly in the center, regardless or 
how slow or fast the turn, how shallow or steep the bank. 
When the ball ls off center, the rudder and ailerons are 
crossed to a degree indicated by the distance the ball 
lies off center. 
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The ball is controlled by the ailerons, but in order to obtain 
accurate coordination of rudder and ailerons (place the ball in the 
center) it is necessary to uncross the controls, and this will usu
ally require operation of both ailerons and rudder. (For example, 
see Figure 4.) 

FIGURE 4: CROSSED CONTROLS 

This condition (Figure 4) is usually referred to as "flying 
left wing low". It indicates a crossed condition of the controls in 
which excess right rudder is balanced by excess left aileron. The 
airplane ts being forced to fly straight (shown by the centered turn 
indicator) by keeping the left wing down, as shown by the fact that 
the ball lies to the left. If only the excess aileron condition is 
corrected (by moving the aileron to the right), the ball will move 
to center, but then the excess right rudder condition will make it
self apparent: the plane's nose will begin to turn to the right and 
the turn indicator will move off center to the right. This is then 
corrected by giving a little left rudder - in other words, takin;; 
off the excess right rudder. In actual practice both the rudder and 
aileron moves are made at the same time. 

An almost universal fault with beginners and a too common one 
even with experienced instrument pilots is sloppy coordination of 
rudder and ailerons - i.e., allowing the ball to stay any place ex
cept in the exact center, exactly between the cross wires . 
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In ordinary flying you consider a pilot who flies with one wing 
low, sloppy; in instrument flying, the habit is serious as well as 
sloppy, ror a wing down has several bad results, particularly dis
turbing in trying to fly a beam. The first is that the airplane 
will always be tending to turn toward the side with the low wing, 
making it almost impossible to fly an exact and accurate course -
and flying an exact and accurate course is nine-tenths or the battle 
in beam flying. The second is that it slows up a correction or 
course to the opposite side. Ir you are flying straight with the 
right wing low and want to make quickly a slight correction or 
course to the left (and you will do just that constantly in flying a 
beam), you will have to pick up that right wing before starting to 
turn left, or skid the turn - and a skid is hard to control. The 
third result is 'that in flying any course except exactly due east or 
due west it causes the compass to indicate heading incoITectly. And 
last but not least, at reduced air speeds and particularly in the 
steeper turns, sloppy coordination is dangerous. 

Whenever the ball is orr center to the left (assuming the 
turn indicator to be in the position desired, whether 
straight or indicating a turn), the correction is right 
aileron and left rudder at the same time; whenever the 
ball is orr center to the right, the coITection is left 
aileron and right rudder at the same time. 

Only practice and experience will teach you how much or how 
little change or rudder and aileron pressures is necessary to un
cross these controls and to properly coordinate the rudder and ail
erons. It will normally be very little. 

THE THING TO KEEP IN MIND IS THAT THE TURN INDICATOR IS CON
TROLLED BY THE RUDDER ONLY, THE BALL BY THE AILERONS ONLY. ~ time 
you want to push the turn indicator to the lert, push left rudder; 
to push the turn needle to the right, push right rudder. This is 
true whether you are flying straight and level or in a vertical bank 
or in any position between. Ir you are making a deliberate turn and 
have the turn indicator in the desired position, but the ball is off 
cent~r, the rule above ror uncrossing the controls (opposite rudder 
and ailerons at the same time) still holds good. It is true that in 
such cases you can uncross the controls by centering the ball with 
the ailerons without changing the rudder pressure, but if you do it 
that way, the turn indicator will move orr the desired position. 
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Probably the most collllllon fault in instrument flying is over
controlling with the ailerons. Most ships, particularly the snaller 
types ordinarily used in learning to fly by instruments, are turned 
almost entirely with the rudder, the aileron being very much an 
auxiliary control in a turning maneuver. 

In rough air it is not desirable to attempt to control for 
every movement or the ball when it is dancing around due to bumps. 
There is just enough lag to the ball so that, about the time you be
gin to apply right aileron because a bump has thrown the ball to the 
left, another bump will come along throwing the ball to the right. 
Ir you, at this same time, are applying right aileron, this movement 
will be magnified and accelerated, producing a very decided wallow
ing motion or the airplane and making the ride much rougher than the 
rough air warrants. In rough air keep your rudder stiff, that is 
keep considerable pressure on both rudder pedals and only apply ail
eron correction when the ball tends to hang on one side more than 
the other - in other words, limit the use or the aileron to keeping 
the movements or the ball centered. 

Particularly in single-engined ships, get the habit or using as 
little aileron as possible; or leading with the rudder and following 
through with only such aileron as the ball may indicate is needed. 
CONTROL OF THE BALL BY THE AILERONS IS THE "2" OF THE "l-2-3"SYSTEM. 

Primary Training - Stage 1 

In this first stage in the process or learning to fly by in
struments, you, as the student, should be responsible ror control or 
the turn and bank indicator only; the instructor or safety pilot be
ing responsible for attitude, altitude, air speed and course. The 
instructor will take the airplane orr, climb to smooth air and a 
safe altitude, set the stabilizer and throttle for level flight, 
then turn the controls over to you. Practice keeping the turn in
dicator centered (for straight flight) w!th the rudder only, at the 
same time keeping the ball centered with the ailerons only. 

When you have begun to get the idea or straight flight, prac
tice making normal turns (two minute turns - 15° banks) positioning 
the turn indicator with the rudder only, keeping the ball centered 
with the ailerons only. (See Figure 1.) The instructor should tell 
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you when to start the turn. Practice going into it easily and 
smoothly, leading with the rudder and following through with only 
such aileron as the ball tells you ls needed. Keep the turn indica
tor in the exact position for a two minute turn with the rudder; 
keep the ball centered with the ailerons, and soon you will begin to 
•get the hang' of the coordinated use of these two controls. Then 
hold them positioned until the instructor tells you to "straighten 
up". Center the turn indicator with the rudder only - and keep it 
centered - and keep on keeping it centered - until the instructor 
tells you to start another turn . Center the ball with the ailerons. 
As long as the turn indicator ls centered, the ship is not turning, 
no matter how it may "feel" to you. 

This ls probably the most deadly monotonous phase of instrument 
flying practice. But since 99% of all the actual flying by instru
ments that you will ever do will consist or flying a straight line 
course and making normal turns, absolute mastery of these maneuvers 
cannot be over-emphasized. Being master of this coordination, the 
rest of instrument flying will be easy; without it you can never ex
pect to fly an airplane safely on instruments. 

In this connection too much stress cannot be laid on the neces
sity for relaxing - take it easy. The biggest trouble in instrument 
flying ls over-controlling, and nine times out of ten over-con
trolling ls due to the fact that the pilot ls tense. In most air
planes it requires no actual movement and very little change or 
pressures on the controls to maneuver the airplane, particularly in 
the small corrections . In all airplanes you will find that the less 
you move the controls, the better will be the result. Small air-
planes are usually extremely sensitive to the stick, both elevators 
and ailerons; normally they are rudder airplanes, flown at least 90f, 
with the feet. But even on the rudder, acquire the habit or pressing 
on the pedals firmly but gently, rather than trying to shove them 
around. Take it easy, and you will get farther, raster. 

Over-controlling and tenseness can easily become a habit. They 
are both aggravated by rough air. For your first practice periods 
on any phase or training and particularly this one, do not try to 
practice in rough air. You'll have trouble enough overcoming these 
d11'1'1cult1es in smooth air, so give yourself a break. It will take 
hours or hard, conscientious work to undo the damage that just half 
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an hour's practice in rough air will cause when you are not ready 
tor it. Later, yes, you want rough air - you'll need the practice 
in rough air, but not until you have learned to keep relaxed and to 
fly without over~controlling. 

Air Speed Indicator 

or course the fundamental purpose or the air speed indicator is 
to enable you to maintain the speed or the airplane within sate fly
ing limits. In elementary instrument flying with the primary flight 
group it is also the indicator or changes in attitude (pitch). As
suming the throttl~ to be unchanged, a loss or air speed indicates 
the nose has come up; an increase or speed indicates that it has 
come down. The rate or climb indicator will also indicate a steady 
attitude in dead smooth air, but since there is a lag or approxi
mately two to five seconds in this instrument, it is too slow in in
dicating changes to be or any value tor controlling attitude tor 
smooth flying. Use the ~ or the air speed indicator to control 
changes in attitude. After the throttle is set, CONTROL THE AIR 
SPEED WITH THE ELEVATOR AND THE STABILIZER (which is really a part 
ot the elevator). THIS IS THE "3" IN THE "1-2-3" SYSTE11. 

It is recommended that you demonstrate the comparative action 
or the air speed indicator and rate or climb indicator to yourself 
with the hood open. Make a series or short dives and zooms, both 
shallow and steep, and see how much more quickly the ~or the 
air speed indicator shows a change or attitude, 

But don't forget that word "trend". Assume your level cruising 
speed to be an indicated 110 m.p,h, With the hood open, put the 
nose dCM'n until the air speed shows 130. Then come back on the ele
vators to bring the nose up; not too abruptly and still not too 
slowly, just a normal correction. It you keep that same pressure on 
the elevator and hold it until the air speed gets back to 110, 
you'll find your nose pointed tor the sky. Watch the position or 
your nose and the action or your air speed. You will see that almost 
simultaneously - there is a little lag, but almost simultaneously -
as your nose starts to come up, the air speed begins to drop orr. 
In your nonnal recovery (looking out with hood open) you will begin 
to ease orr on elevator pressure when the nose begins to start up. 
Keep your nose coming back toward level and watch the air speed. 
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You will see that its ~ is still to decrease. When your nose 
gets back to level in a normal contact recovery you will take all 
UP-Pressure orr the elevators; in tact you will probably apply a 
very slight opposite pressure to hold the nose level. Look at the 
air speed. It won't be all the way back to your nonnal 110, but it 
will be getting closer - and as you hold the nose level it will drop 
back to 110 and stay there as long as you keep the nose level. The 
reason it still showed more than 110 when you first got back to 
level is that you hadn't lost all the excess speed generated in your 
dive. 

And so it is when you do the same thing with the hood closed. 
Put pressure on the elevators to start the air speed indicator back 
to normal level cruislng speed. As soon as the air speed shows a 
change, ease orr ~ or this pressure, but keep that air speed in
dicator trend coming toward normal level cruising speed. Shortly 
before it gets to normal cruising speed, apply slight elevator pres
sure in the opposite direction. Practice will teach you about how 
much these pressures should be. The more violent the recovery the 
more you will have to "lead" the air speed; the slower the recovery 
the less you will have to lead it. The important thing to remffinber 
is that if your throttle setting or power output ranains unchanged, 
bringing the air speed indicator back to nonnal cruising speed and 
keeping it there means that your nose is back to level and staying 
level. 

or course,exactly the same principle applies in recovering from 
either a nose up or nose down position. 

Primary Training - Stage 2 

In this stage the instructor will retain control or altitude 
and course; you will be responsible only for control or the turn and 
bank indicator and the air speed indicator. In this stage you will 
learn to maintain steady pitch or angle or attack attitude in climbs 
and glides as well as in level flight by keeping the air speed 
steady, which you will do solely by manipulation or elevators and 
stabilizer. The instructor will be responsible for whether you climb 
or descend, for level flight, tor altitudes, for rate of climb or 
descent, through his handling or the throttle, for these are con
trolled by the throttle. You will learn that a smooth, steady climb 
or descent is a result or steady air speed and nothing else (throt-
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tle setting being constant). You should also learn to adjust the 
stabilizer and to use it as part of the elevators, its setting being 
primarily a tunction of air speed. 

In the first practice sessions in this stage the instructor 
will take the ship off, climb to a suitable altitude (keeping smooth 
air very actively in mind), set the throttle for level flight, and 
then turn the controls over to you. Continue your practice exactly 
as in Training Stage No. 1, plus the fact that in addition to con
trolling your turn and bank indicator you will also keep the air 
speed steady at cruising speed, both in straight flying and in nor
mal turns . 

The instructor can and should vary the throttle setting as soon 
as you begin to get control of the air speed. Keeping the air speed 
constant, but increasing the power will cause the airplane to gain 
altitude; decreasing the power will cause it to lose altitude. To 
you under the hood, that makes no difference. Your job is to con
trol the turn and bank indicator and keep the air speed at exactly 
the speed the instructor calls for. He is responsible for altitude, 
not you. About the second time you try it, you should be bringing 
the ship back to the field almost in position for landing, the in
structor controlling altitude, climb, or descent by the throttle and 
controlling course by calling for straight flight, left or right 
nonnal turns, as required. 

Primary Training - Stage 3 

After you have gotten reasonable control at normal cruising 
speeds, the instructor should have you practice at reduced speeds. 
Say nonnal cruising speed is 110 m.p.h. and best climbing speed 80. 
At various throttle settings, practice flying straight and making 
nonnal turns at 80. Be ~ you acquire the habit of properly re
adjusting your stabilizer for changes in speeds. Get the desired 
speed with the elevators and then take the load off the elevators 
with the stabilizer. That's all there is to it. As soon as you can 
do this, the instructor should turn the controls over to you as soon 
after take-off as you are clear of obstructions,and let you make the 
climb, either straight or spiral or both. The instructor will con
trol the ~ of climb by controlling the throttle. 
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It is vital that you here learn to resist the impulse to try 
to control attitude by reference to the rate or· climb indicator. It 
is frequently desirable in this stage to completely blank off this 
instrument so that you will learn to control attitude in climbs, 
level flight and glides by reference to the air speed indicator. 
Learn that to make either straight or nonnal spiral climbs or glides 
there are two instruments to watch and only two - the turn and bank 
indicator and the air speed indicator. 

It ls desirable to practice flying at speeds just above the 
stalling speed, but this should be done only at safe altitudes and 
with most students not until they have had practice in steep banks 
and in recovery from extreme or abnonnal positions. One bad feature 
ot flying almost stalled at this stage is the invitation to tense
ness and over-controlling. 

Rate of Climb Indicator 

THE FUNCTION OF THIS INSTRUMENT IS TO CONTROL ALTITUDE, NOT 
ATTITUDE. 

Changes in attitude (pitch) are rotational movements about the 
lateral axis of the airplane and there is nothing in the construc
tion of.a rate of climb (vertical speed) indicator even remotely de-
signed to measure or detect such movements. The 1nstn:ment is de-
signed to show changes in altitude. Every pilot knows a ship's nose 
can "hunt" like a roller-coaster, with no appreciable change in al
titude. Because in smooth air you can sometimes (if you are very 
smooth on the controls and an extremely skillful instrument pilot) 
~ control attitude with the climb Indicator there is a great 
temptation to try to do it that way. But the difference between 
"almost" doing it and accurately doing it is a swinging compass and 
a ship fUll ot air-sick passengers. 

Use the rate ot climb to control the altimeter, Just as you use 
tile turn indicator to control the compass or the course. THE RATE 
OF CLIMB INDICATOR IS CONTROLLED BY THE THROTTLE, except when oper
ating at a fixed power output. 

When operating in level flight at a fixed air speed, if the 
ship tends to lose altitude, pick it up with the throttle - not by 
pulling back on the stick, for this will reduce the air speed. If 
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the ship tends to gain altitude, correct this - not by pushing for
ward on the stick (which would also increase the air speed), but by 
reducing the throttle to the point where the ship has the desired 
altitude and the rate of climb holds "o". 

For example, you are coming into the station on the beam for an 
approach to the field. In many cases radio range stations are so 
close to the field that it is necessary to approach them quite low, 
just high enough to clear obstructions. In such cases it is neces
sary that the ship be well slowed down before reachi~g the station, 
or the approach will overshoot. Ass1.m1e that you want to reach the 
station at an altitude of 800 feet, with an air speed of 80 m.p.h., 
and that you have reached this flight condition well out on the 
beam. Set the stabilizer so that the ship is well trimmed to hold 
80 miles per hour by controlling the air speed indicator with the 
elevator while adjusting the stabilizer. Hold your air speed at the 
desired point with your stick; hold your altitude by keeping the 
rate of climb at "O", by adjusting the tbrottle. Then, when you 
reach the station, the throttle is closed, the air speed kept at 80, 
and the ship immediately starts losing altitude. 

Of course, during en route cruising, when you are operating at 
a fixed power output, and it is of no particular importance whether 
the air speed increases or decreases, the rate of climb indicator 
will be controlled by increasing or decreasing the air speed, which 
is done with the elevators. The smoothness of the climb or descent 
is maintained by maintaining a steady air speed. Thus, when the 
throttle setting is to remain unchanged, to gain altitude, decrease 
the air speed; to lose altitude increase the air speed. 

Altimeter 

The old type of so-called "Standard" altimeter with graduations 
of 200 or 500 feet is as extinct as the dodo bird as far as instru
ment flying is concerned. In its place has come the sensitive alti
meter, with graduations in 10 or 20 foot intervals, and with accu
rate barometric or pressure altitude settings. These modern instru
ments automatically compensate themselves for temperature changes 
within the instrument itself. 
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There are two types or altimeter settings. Ground barometric 
' readings as put out by the Weather Bureau are reduced to a sea level 

basis and when the barometric type altimeter is set to this local 
barometric pressure, the instrument reads height above sea level. 
For example, when landing at Burralo, which is 705 reet above sea 
level, with this instrument set to the barometric pressure as broad
cast by the local range station, it will read 705 reet when the 
wheels touch the ground. Since airways trarric_control is based on 
altitudes "above sea level",and since all broadcast barometric pres
sures are reduced to tenns or mean sea level, this is the standard 
type sensitive altimeter. 

The pressure altitude or a field is the indicated height or the 
field, above or below sea level, when a barometric type altimeter on 
the field is set to 29.92 (pressure or standard atmosphere). When 
means exist ror receiving in flight the pressure altitude or the 
point or landing, an altimeter having a pressure altitude setting is 
most desirable as an adjunct to, and check on, the barometric alti
meter. When set to the pressure altitude or the point or landing 
this altimeter will indicate the height or the airplane above the 
airport regardless or the actual elevation above sea level or the 
field. When so set, this altimeter will read zero when the wheels 
touch the ground. 

For example, suppose at Burralo the barometer ls 30.02. The 
pressure altitude would then be about 610 reet, although the actual 
elevation or the field is 705 reet above sea level. By setting the 
scale on the barometric type altimeter to 30.02 and the scale on the 
pressure altitude type altimeter to 610, the ronner will read 705 
reet when the wheels touch the ground and the latter will read zero 
reet. Obviously, it ma.king a low approach on instruments it ls 
much easier to rollow the latter instrument, ror no mental arith
metic is involved. But it should be borne in mind that unless means 
exist ror receiving this pressure altitude figure in flight (and it 
is neither broadcast nor rurnished by the Weather Bureau or the 
Department or C0Im11erce) considerably more than a mental arithmetic 
problem is required to make the conversion, and excellent chances 
ror serious error exist. Thus ror the itinerant pilot the baro
metric type altimeter is the choice. 

The two types act as a check on each ot11e·r, ror the dltference 
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in their readings should be exactly the actual elevation of the 
field above sea level. Many airliners mount one of each type. 

Sensitive altimeters having both the barometric and pressure 
altitude setting scales mounted in the same case are now available. 
With this type you can set your altimeter to the barometric pressure 
to show altitude above sea level for cruising; then, when you get to 
your intended point of landing, you can reset it to show altitude 
above the field, providing the pressure altitude information is 
available. 

Another development to assist pilots in using the barometric 
type altimeter as a landing altimeter is the inclusion of an extra 
pair of hands on the dial. These hands are red, and are set by the 
pilot to the sea level elevation of the field on which he is to 
land. They merely act as a lubber line and eliminate the necessity 
for mental arithmetic, since he lands to them instead of to the reg
ular zero on the dial. In other words, the pilot lets down toward 
the setting of the red hands, instead of having to figure that since 
he is now at 1500 feet and the field is 705 feet he still has 795 
feet to go. 

There are two schools of thought as to the best loeation of 
this instrument on the instrument panel. Since the rate of climb 
controls the altimeter there is excellent reason to mount it im
mediately adjacent to the rate of climb - usually directly above or 
directly below the rate of climb. However,for instrument approaches 
to fields, two of the three vital factors in the approach are speed 
and altitude, and for that reason most pilots prefer the altimeter 
immediately adjacent to the air speed indicator, usually directly 
above or below it. If your ship is equipped with both types I would 
recommend placing the barometric type adjacent to the rate of climb 
and the pressure altitude type adjacent to the air speed indicator. 
If you have the usual allotment of one altimeter, which (except in 
unusual situations) should be the barometric type, I would recommend 
putting it adjacent to the air speed indicator, particularly if you 
plan to make very many actual instrument approaches to fields under 
low conditions. 

Acquire the habit of flying with your barometric type altimeter 
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set to "above sea level". Before take-off set it to the actual ele
vation of the field (Chicago 605 feet; Newark or Boston 10 feet, 
etc,). On the Civil Aeronautics Authority Test for Instrument Rat
ing .you will be graded on the accuracy with which you hold the alti-
tude designated for each part of the test. 
lowance is plus or minus 100 feet. 

The normal maximum al-

The rate or climb indicator controls altitude and there
fore controls the altimeter. If the climb indicator shows 
"down",the altimeter is going to go down;if it shows "up", 
the altimeter is going up; but if you keep the climb in
dicator on "O", the altimeter will not change. So keep 
your eye on the rate of climb,but frequently check against 
the altimeter. 

Al t1meter Errors 

The limits of dependability of a properly calibrated altimeter 
are usually considered to be plus-or-minus 60 feet at sea level and 
plus-or-minus 150 feet at 10,000 feet. The maximum tolerance per
mitted in the standard test specifications is plus-or-minus 50 feet 
at sea level and plus-or-minus 100 feet at 10,000 feet. Most alti
meters which are properly maintained will indicate well within these 
limits. 

Aside from these tolerances and from errors due to incorrect 
setting of the barometric or pressure-altitude scales by the pilot, 
there are errors inherent in any aneroid type of altimeter. Solely 
on the basis of the principal effect or these errors we will divide 
them into two classes: the first is primarily or interest at cruis
ing altitudes, the second when using the altimeter as a landing in
strument. · Both types of error affect both uses of the altimeter, 
but the principal effect, insofar as the pilot is concerned, is as 
classified here. 

Error due to variations in temperature or the atmosphere is the 
error or greatest importance at cruising altitudes. The temperature 
compensation of moden1 sensitive altimeters is not designed to com
pensate for variations in the temperature or the atmosphere, but is 
designed to compensate solely for differences in the temperature of 
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the instrument itselr, the error due to expansion and contraction or 
its parts. The sensitive altimeter is designed and calibrated ror 
standard atmosphere conditions; it indicates fixed changes or alti
tude ror rixed dirrerentials or pressure, these dirrerentials being 
those which actually develop under standard atmosphere conditions. 
Standard atmosphere assumes, among other things, a temperature or 
59° F (15° C) at sea level and an average or nonnal lapse rate (de
crease in temperature with increase in altitude) or 3.6° F (2° C) 
per thousand reet. With standard atmosphere, the barometric pres
sure at sea level is 29.92 (inches or mercury); at 1000 reet, 28.82; 
at ~ob reet, 27.82 and steadily decreases to a pressure or 7.04 
inches at 35,000 reet. The dirrerence in pressure at standard tem
peratures between sea level and 1000 reet is thus 1.10 inches; be
tween 1000 reet and 2000 reet, 1.00 inches, the dirrerence per thou
sand reet steadily decreasing to approximately 0.35 inches at 35,000 
reet. The significant ractor is that the above dirrerences in pres
sure per thousand root dirrerence in altitude hold true ror the 
temperature and lapse rate or standard atmosphere, regardless or 
whether the barometric pressure is standard (29.92) or some other 
pressure. By setting the barometric scale on the altimeter to actual 
sea level barometric pressure, error due to variations rrom standard 
atmosphere sea level pressure is eliminated. 

However, the decrease in pressure per thousand root increase in 
altitude varies with temperature and it is the decrease in pressure 
which the altimeter actually measures, although the result is shown 
in tenns or altitude rather than in terms or inches or mercury. With 
temperatures higher than standard, the pressure drop is less than· 
standard: with temperatures lower than standard, the pressure drop 
is greater. Thus, in standard atmosphere a climb rrom sea level to 
1000 reet produces a pressure drop or 1.10 inches and the altimeter 
correctly indibates 1000 feet,but if the air is warmer than standard 
the airplane must climb to a height greater than 1000 feet to pro
duce this same pressure drop. When it is produced the altimeter 
registers 1000 feet, although the airplane is actually higher than 
1000 reet. If the air is colder than standard, the decrease of 1.10 
inches of mercury will be produced with a climb of less than 1000 
feet rrom sea level and the altimeter will thus register 1000 feet 
before the airplane reaches that altitude. 

The amount of this error, assuming a steady lapse rate of 3.6° 
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F. per thousand feet, has been calculated as follows: 

Difference in degrees F. Indicated vs True Altitude 
(plus or minus) from A22roximate Difference in Feet 
standard tem2erature (Alt)lOOO 2000 5000 10000 20000 

100 20 41 102 204 408 
200 41 82 204 408 816 
30° 61 122 306 612 1223 
400 82 163 408 816 1631 
50° 102 204 510 1020 2039 

The correction is added tor temperatures higher than standard : 
subtracted tor temperatures lower than standard. 

It will be seen that tor a temperature ot 9° F. at sea level 
(or -27° at 10,000 teat) the altimeter will be approximately 10% in 
error (the altimeter indicating higher than true): tor a temperature 
ot 109° at sea level,or 73° at 10,000 teet, the same 10% error holds 
true, but in this case the altimeter would be indicating lower than 
the true altitude. 

A rule or thi.unb is that the error amounts to zJ, tor each 10° F 
that the temperature varies from standard. 

To obtain the equivalent standard temperature tor an altitude, 
subtract 3,6° F (2° C) tor each thousand feet from the standard sea 
level temperature. Thus, the equivalent standard atmospheric tern-
perature is 

Fahr. Cent. 

Sea level 59 15 
1000 teet 55.4 13 
2000 teet 51.8 11 

5000 feet 41 5 
10000 feet 23 -5 
20000 teat -13 -25 

Another factor producing or contributing to this error is vari
ation from the normal lapse rate. It the lapse rate is less than 
standard (3.6° F per ·thousand feet) the ettect is the same as tor 
wann air; it it ls more than standard, the effect is the same as tor 
cold air (altimeter indicates higher altitude than tne true alti-
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tude). Thus, if either temperature or lapse rate varies from that 
of standard atmosphere the altimeter indications are in error. 

Some navigation computers include a calculator for altimeter 
corrections. With these calculators the pilot sets outside air tem
perature opposite indicated altitude (or better, sets mean tempera
ture opposite mean altitude) on one scale and reads alleged true 
altitude opposite indicated altitude on another, the result being 
approximately as shown in the table above. However, this result is 
in fact only an approximation. The correction is based on a normal 
lapse rate of 3.6° F per tllousand feet, whereas the actual lapse 
rate may be materially more or less than this amount. For instance, 
with an inversion, instead of a decrease in temperature with alti
tude, there will actually be an increase - instead of being colder 
aloft it will actually be warmer. It is not unusual with certain 
types of weather to have temperatures below freezing on the ground 
and up through the lower several thousand feet and then to have the 
temperature jump to 60° at six or seven thousand feet. Obviously, 
such a condition throws all arbitrary calculations as to altimeter 
correction completely out of line, since pressure decreases vary 
with temperature. 

This temperature error is not really an instrument error but is 
a variable in the thing the instrument is designed to measure -
pressure differentials. The problem is similar to an attempt to 
measure the length of a rubber band, the band being subjected to 
varying tensions. The error due to variable tensions can be guessed 
at, just as the error in the altimeter indications due to variable 
temperatures and unknown lapse rates can be guessed at. A dozen dif
ferent rulers will show the same length for the rubber band under a 
certain tension; a dozen different alt1meters at the same height and 
the same time will all show the same altitude. For that reason the 
regulations specifying the altitudes to be flown on the airways do 
not give effect to the temperature error in alt1meters, but specify 
that the altimeter shall be set to the sea level barometric pressure 
of the locality. No other adjustment .is to be used. The reasons are 
(1) that the temperature correction is usually a guess at best, and 
(2) that no two pilots would apply the same correction. Some pilots 
would apply none at all; some would apply too much, with the result 
that the altitude separation between aircraft which makes it pos-
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sible ror two airplanes to fly in the same vicinity with no danger 
or collision would be lost. In other words, the error being the 
same in all instruments, the errors (as between aircraft) cancel 
each other, and the desired separation is maintained. 

The cure !or the error is to keep in mind the ract that at tem
peratures below that or standard atmosphere the true altitude is 
less than the indicated altitude; that this error can be as much as 
1500 reet at 10,000 reet indicated (with a temperature or -16° F at 
sea level). Set your Cnlising altitude high enough to overcome this 
error. I! 10,000 feet true altitude would just give you comfortable 
clearance over mountains, better fly at 12,000 in the winter ttme. 

An error or 100 reet or so is usually or minor consequence at 
cruising altitudes, but is a serious matter on an instrument ap
proach. While altimeter errors at low altitudes are usually small 
in amount, the percentage or error is greater. Thus, the type or 
error which is evident when an altimeter is used as a landing in
strument receives more attention from pilots than the temperature 
errors discussed above. 

There ts a temperature error in the altimeter when used ror 
landings just as there is at cruising altitudes. At sea level, this 
error will vary normally from no error at all at standard tempera
ture to about 85 reet at -20° F. The error is due to the ract that 
the process or converting the actual height or the column or mercury 
in the barometer to its sea level equivalent includes a correction 
to the temperature or the standard atmosphere. In setting an alti
meter against a Weather Bureau barometric pressure, this error must 
be expected. Airline standard practice is to set the altimeter 
against barometric pressures obtained rrom a similar altimeter on 
the ground, correcting the altimeter on the groi.md only ror actual 
elevation above sea level. The error due to atmospheric temperature 
is the same !or the instrument on the ground and in the plane and 
the errors thus cancel each other. 

The sensitive altimeter ls much less subject to "lag" than the 
old style altimeters, but there is some lag present. Lag is merely 
the time element in the runcttoning or the 1nstrunent. The lower 
the altitude and the slower the descent, the smaller the amount or 
lag. In normal instrument approaches to rtelds, the lag can be 
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ignored, tor allowance has been made tor it, as well as the other 
nonnal low altitude altimeter errors, in figuring the margin ot 
safety (minimum sate altitude) ot the approach. 

Another error is known as "altimeter tatlgue" or hysteresis. 
This acts as an accentuated lag occurring only when the diaphragms 
ot the altimeter have been maintained in an extremely distorted po
sition tor a long time. It normally becomes apparent only after a 
long !light (three or tour hours) at high altitudes - above 10,000 
re et usually. Its ettect is more apparent above 5000 teet than be-
low and tends to decrease with lower altitudes. After a long, higjl 
!light, it is well to allow tor a fatigue lag ot 200 teet when above 
5000 feet, and or 100 teet on down to sea level. The fatigue lag 
nonnally will be considerably less than this a.mount. 

Primary Training - Stage 4 

In this stage the instructor will retain control ot course, you 
will be responsible tor turn and bank indicator,air speed indicator, 
rate ot climb indicator, and altimeter. You are now handling all 
the airplane controls, including the throttle. As usual the instruc
tor will take the ship ott and climb until clear ot obstructions. 
First practice straight, level !light; then climbs and glides, both 
straight and spiral. In climbs, glides, and in level !light at 
tixed air speeds, control rate ot climb indicator by adjustment ot 
throttle, keeping the air speed steady with the elevators. 

In this stage you will be impressed with the tact that the rate 
ot climb indicator has a mechanical lag ot approximately tive sec
onds and that it does not satisfactorily reflect cba.nges in atti
tude. 

Proper stabilizer setting tor climbs, glides and level !light 
should be thoroughly learned 1n this stage. (For a more detailed 
explanation ot quick trimming refer to the paragraph on "Trimming 
Shlps" in Chapter VI.) 

Compass 

The magnetic compass will tell the truth only when the ship ls 
flying straight and level, and has been straight and level long 
enough tor the card to stop swinging, nonnally 6 to 9 seconds, de-
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pending on the period o! the compass. This means that the turn in-
dicator must be exactly centered, the ball exactly centered, the 
air speed steady and the rate o! climb "o". It is obviously impos
sible to !ly an accurate compass course on the compass alone, !or 
every bump, as well as every movement o! the controls, will start 
the card swinging. 

No pilot needs to be told how vital a good compass is and !ew 
need to be told that i! a compass won't "swing" it also won't turn. 
Swinging is a !unction o! rotational movement around the ship's axes 
and ~ such movement around ~ ot the three axes will cause the 
compass card to swing. The !aster such movement, the more pronounced 
the swing. Since small airplanes turn and bank and change attitude 
taster than big airplanes, the swinging in anall airplanes is more 
pronounced than in big ones. And while a certain amount ot swinging 
can be damped out, i! all the swing were damped out, the compass 
might just as well be painted on the panel !or all the good it would 
do. 

The reason !or this very annoying behavior, which goes under 
the entirely inadequate name o! "northerly turning error", is mag
netic declination or "polar dip", caused by the !act that the lines 
ot magnetic !orce !rom the magnetic pole have a vertical as well as 
a horizontal component. The horizontal component pulls the needle 
toward north; the vertical component causes the trouble. At the 
magnetic equator the lines o! magnetic force are horizontal, there 
is no northerly turning error, and the remarks below regarding lag 
and run-ahead do not apply. As we go north or south !rom the mag
netic equator, the vertical component, or declination, increases and 
the northerly turning error is proportional to the declination. In 
the vicinity of New York the declination is approximately 70°. The 
allowances for northerly turning error (lag and run-ahead) in the 
discussion which follows, apply within s0 throughout the continental 
United States and may be considered approximately accurate within 
either the north or south temperate zones. 

TO FLY A STRAIGHT COURSE WITH A MAGNETIC COMPASS KEEP THE TURN 
INDICATOR CENTERED, OR IN ROUGH AIR KEEP ITS SWINGING BALANCED, AND 
CHECK AGAINST THE COMPASS AT SUCH TIMES AS THE SHIP IS STRAIGHT AND 
LEVEL. 

The following remarks on compass errors and the uses that can 
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be made of them are based on standard panel or windshield "V" mount
ed compasses in the temperate zones where the pilot is looking at 
the back of the card - in other words, where the north end of the 
needle is at the south marking of the card. For overhead compasses 
(which are read with a mirror) or any other type in which the north 
end of the needle ls at the north marking of the card, exactly the 
same errors exist but in just the reverse direction from those given 
below. The usual airplane compass ls panel or windshield "V" mount
ed with the north end of the needle at the south marking of the 
card. 

Any time the compass card indicates any heading north of due 
east or due west, it will turn toward an indication in the opposite 
direction from that or the turn whenever a turn is started. If the 
turn is slow (shallow bank) the compass will run counter to the turn 
from a very few to about 30°, stop, and then come along with the 
turn, but lagging behind. The nearer to due north, the more pro
nounced is the run-back and lag, this particular error disappearing 
completely at due east and due west. Even if the turn is only fairly 
fast (very little raster than a two minute turn - just more than a 
15° bank) the compass will continue completely around in the oppo
site direction from the turn until it meets the nose. 

Thus, if you start to turn right (toward east) from a northerly 
heading, the compass will turn first . to a heading westerly of its 
reading before the turn started. How far it will run back depends 
on the amount and abruptness or the bank; the steeper the bank, the 
more the run-back and the greater the lag. In fact, it is not nec
essary to turn the ship at all. Just drop the right wing; even if 
the ship does not turn at all, the compass will swing toward west. 
The reverse is true, or course, if the ship is turned to the left or 
the left wing dropped. 

On any heading south or due east or west, there is the same 
error as on a northerly heading except that on a southerly heading 
the compass turns in the same direction, but ahead or the nose. If 
you are heading south and drop the right wing, either to turn toward 
west, or just let the wing get low,the compass will run toward west. 

On an exactly north or exactly south heading the nose can be 
pulled up or down, and if there is no turn and the wings are kept 
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level, the compass will not swing. On ~ other heading, pulling 
the nose up causes the compass to swing toward south; letting it 
drop swings the compass toward north. This peculiarity reaches its 
maxtm\.Un at an exactly east or west heading. In tact, on these two 
headtngs,tt the nose can be kept exactly level and exactly straight, 
the wings can be "rolled" up and down, and the compass will not 
budge. 

To sunnnartze the usable errors ot a compass - on any northerly 
heading the compass starts tn the opposite direction trom the nose 
and in a shallow bank lags behind the turn. On any southerly head-
tng, the compass runs ahead ot the nose . Pulling the nose up causes 
the compass to swing toward south; letting tt drop swings it toward 
north. In a turn the only time the compass correctly shows the 
heading ts when tt reads exactly east tn a lett turn, or exactly 
west tn a right turn (tn other words coming out ot a southerly head
ing) but even then only when the nose ts kept level. 

While the compass always lies tn a turn, tt always lies the 
same amount and direction in certain maneuvers. Ass1.Untng the ship 
to be held steadily in a turn slightly slower than a nonnal two-min
ute turn (slightly shallower than 15° bank) and the nose to be kept 
level, 

tn a lett turn 
the nose is when the com12ass reads 

North 300 
West 270° (approx.) 
South 150° 
East 90° 

in a right turn 

the nose is when the comJ2!!ss reads 

North 330° 
East 90° (approx. ) 
South 210° 
West 270° 

The most accurate and easily used ot these consistent errors ts 
finding east and west when turning out ot a southerly heading; next 
easiest, north out ot any heading. East or west out ot a northerly 
heading ts approx1mate. When coming trom a northerly heading, the 
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less the bank, the more nearly the nose and the compass tend to pass 
due east or due west at the same time. Because the compass runs so 
rapidly ahead or the nose at south, its momentum will frequently 
carry it to the 30° past south point (150° or 210°) indicated in the 
above table before the nose gets to south. It will usually stop 
about there, back up, and then steadily push on again. When you 
learn to distinguish between a momentum swing and a steady push, it 
ls possible to stop the ship's nose accurately on south by using the 
above table. In using these errors or the compass, hold slightly 
less than a 15° bank. But don't forget to hold the bank steady. I! 
it ls 10° now and 20° a little later, you will have the card swing
ing from one error to another with no way or knowing which. It ls 
also necessary to enter the bank steadily and smoothly, tor quick 
acceleration or a Jerky action will give the card a kick that will 
set it spinning entirely out or proportion to the amount or the 
bank. And o! course it's necessary to keep the nose level, In other 
words, we must eliminate all causes or error except the one known 
error we are prepared to handle. 

It will be found that the 30° northerly lag applies fairly ac
curately in reaching any heading between 315° and 45°; the run-be
yond on south in reaching any heading between 135° and 225°. 

or course the bank must be held steadily right up to the t ime 
that the compass tells you it ls time to straighten up. Since we 
are using a definite allowance !or a definite compass error based on 
a definite bank, changing the bank will change the error and knock 
our allowance •galley west•. In other words, 1! you are trying to 
turn from west to north and plan to straighten up when the compass 
reads 330°, the nose will be north when the compass gets to 330° 
provided you have held a steady bank o! slightly less than 15° 
throughout the turn and kept the nose level. or course, i! about 
the time the compass reads 300°, you begin to ease up on the bank, 
you will have changed the error or the compass, with corresponding 
error in the result. Hold your steady rate of turn as shown by the 
turn indicator right up to the compass reading desired; then center 
the turn indicator promptly and smartly and keep it centered and 
when the card stops swinging, some 6 to 9 seconds later, you'll be 
on the heading desired. 

Of course, when the pilot uses a directional gyro,he irrtlnediate-
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ly eliminates all swing problems, and by setting the gyro on the 
compass heading has an accurate indication of his heading at all 
times, regardless or the movements of the airplane. 

Ability to use the consistent errors of the compass as outlined 
above is very valuable in roughing out a course !or orientation, and 
invaluable in controlling course corrections when approaching or 
flying a beam without a gyro, and obviously vital in setting and 
checking the directional gyro. For, it you believe the compass when 
you should know better, and set the gyro while the compass is lying, 
the gyro will continue that error until reset. 

Primary Training - Stage 5 

Having a !air degree or coordination between rudder and ail
erons and fair control or attitude and altitude in straight flight 
and in normal (two minute) turns, you are now introduced to the 
vagaries or the magnetic compass and given control ot the course. 
Practice getting on a course by use or the consistent errors or the 
compass; hold that course by keeping the turn indicator centered, 
checking against the compass at such times as the instruments indi
cate that it is telling the truth. Practice reaching various compass 
headings until you are thoroughly familiar with the more collUilon com
pass errors. This practice should be done without timing or turns, 
but using the compass alone to tell when to straighten up. While 
practicing this stage, learn to keep an eye on the altimeter, and 
try to maintain a fixed altitude within plus or minus 100 feet - and 
don't forget to keep the ball centered. 

Primary Training - Stage 6 

The next stage will be to make, accurately, 180° turns left and 
right, using the turn indicatcr and the second hand of the clock. 
These are made by holding the turn indicator squarely on t~e outer 
dots or two-minute turn position for one minute (Figure 1) and then 
straightening up. They must come out within 10°. If you have a 
consistent tendency either to overshoot or undershoot these turns, 
see that you use the same speed (pressure on the rudder) in straight
ening out as in starting the turns. The timing of this turn should 
be figured from the instant you press the rudder to start the turn 
until the instant you press the rudder to start to straighten out 
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from it. Practice making these turns using the errors of the com-
pass alone to tell you when to straighten up, and then combine the 
two methods as a check on each other. Continue in this stage until 
you can make 180's fairly consistently with an error or less than 
10°, keeping the ball exactly centered and the rate of climb indica
tor exactly zero throughout the turn. 

Primary Training - Stage 7 

The next stage is to make 360° turns left and right. These are 
made exactly as the 180's in stage 6 except that the turn is held 
for two minutes instead or one. 

Primary Training - Stage 8 

The next stage will be the making or banks steeper than 15° 
(nonnal two minute turns). Practice first on 30° banks (see Figure 
2). As in any other turn, lead with the rudder, using just enough 
pressure to put and Q2!!! the turn indicator in the position desired; 
follow with just enough aileron to keep the ball centered. Balance 
the pressure between top and bottom rudder as indicated by the turn 
indicator; in other words, if the turn indicator tends to come in
side the desired position (indicating a slowing-up or the turn, a 
shallowing or the bank), increase the pressure on the bottom rudder; 
if the turn indicator tends to move outside the desired position 
(indicating speeding-up or the turn, a tightening or the bank) put a 
little pressure on the top rudder. Control the position of the turn 
indicator with your feet only; control the position or the ball with 
the ailerons. Lead with the rudder and follow with the ailerons. 

While going into your bank and holding it, watch only two in
struments, the turn and bank and rate or climb indicators. Keep the 
rate or climb level and you will hold your altitude. You will find 
that about the time you have the bank established, the rate or climb 
will tend to show "down". Since this is usually a short maneuver it 
is hardly feasible to readjust throttle or stabilizer to handle, so 
in these turns the rate or climb is held on "O" by the elevators. 

Most pilots have a tendency to "slip" left turns; "skid" right 
turns. A slip is indicated when ball and turn indicator are both 
off center on the same side; a skid when they are on opposite sides. 
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Remember that whenever the ball ls off center,1t indicates a crossed 
condition of the controls. Just as in straight flight (assi.unlng the 
turn indicator to be positioned as you want it) when the ball ls to 
the left, give right aileron and left rudder at the same time; when 
the ball ls to the right, give left aileron and right rudder at the 
same time. 

In returning to straight flight, first apply pressure with the 
top IUdder, centering the turn indicator, following almost simultan
eously with just enough aileron to center the ball. The hard thing 
will be to keep the turn indicator centered, for on straightening up 
after a tu:in, you will feel that you are turning in the opposite 
direction. 

In going into and holding a steep bank, the turn and bank and 
the rate of climb indicators were the only 1nstri.unents used. You 
will find that on straightening up from a steep bank there ls a ten
dency for the nose to come up. Five seconds or so after the nose 
has come up, the rate of climb will begin to show "up". So, on~
covering from a steep bank, concentrate on the turn and bank and the 
air speed indicators, cross-checking with the rate of climb. Any 
tendency of the nose to come up will f 1rst be reflected by a ten
dency of the air speed indicator to show a loss of speed. During 
the bank, the air speed may have dropped off somewhat if the rate of 
climb indicator was kept level; as soon as your turn indicator gets 
back into the general neighborhood of centered, start the air speed 
indicator gently back towar.d normal cruising speed for level, 
straight flight, always cross-checking with the rate of climb in
dicator. 

"Cross-checking with the rate of climb" means to use the rate 
or climb indicator as a check or brake on the air speed indicator. 
lf you are recovering from a nose-down position and pull back smart
ly on the stick, it is not difficult to pull the nose above level 
.before the air speed indicates it ls time to reverse the pressure on 
the elevators. The airplane will, of course, begin to gain alt1-
tude, and this will, after the lag period has elapsed, be shown by 
the rate or climb. By keeping the ~ or the air speed indicator 
coming toward nonnal and the rate of climb indicator at zero or ap
proximately at zero, you know that you are executing a nonnal re
covery. The same thing applies to recovery from a nose up position; 
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by keeping the rate or climb at zero or just below, you know that 
the recovery is normal and the ship is not starting a dive. Cross
checking is particularly important in recovery from abnonnal posi
tions. 

Practice keeping the ship in a definitely straight and level 
position !or an appreciable length or time on recovering from a 
steep bank. There is probably no maneuver on instruments in which 
it is more difficult to overcome the natural "sense or !eel" than 
this. The only way it can be done is to keep the turn indicator ac
curately centered, the ball accurately centered, the air speed 
steady, and the rate or climb level. I! you do this, the ship is 
!lying straight and level regardless or how outraged your sense or 
!eel may be. 

Prima.ry Training - Stage 9 

Having become fairly proficient in 30° banks, next do 45° banks 
(see Figure 3) and steeper. The di!!iculties with this maneuver are 
the same as with 30° banks, only more so. This is particularly true 
with regard to nose-heaviness. In a 45° bank the elevator takes on 
many or the !unctions or the rudder; consequently, the excessive el
evator pressure necessary to keep the climb indicator level tends to 
tighten up the bank. This will be reflected by a tendency or the 
turn indicator to move out, the cure !or which is top rudder. Top 
rudder also helps to hold the nose up, but i! applied before the 
turn indicator indicates a tightening o! the turn, it will only slow 
up the turn and shallow the bank. The turn indicator thus becomes 
not only an indicator or the speed or the turn, and indirectly (the 
ball being centered) or the degree or the bank, but also an indica
tor or proper coordination or rudder and elevators, Just as the ball 
is at all times an indicator o! proper coordination o! rudder and 
ailerons. 

As in 30° banks, on going into the turn, lead with the rudder 
and follow with the ailerons. Control the position o! the turn in
dicator with the feet; or the ball, with the ailerons. In a 45° bank 
the nose may become excessively heavy, necessitating excessive stick 
pressures to keep the rate or climb indicator level. On going into 
and holding this bank, use the turn and bank and rate or climb in
dicators only. The air speed will drop o!! oomewhat, but what you 
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are trying to do is hold a fixed altitude, and this can only be done 
by keeping the rate of climb indicator level. 

You will find in steep banks that the rate of climb indicator 
has a great deal of momentum "down", practically none "up". At the 
first indication or its moving dONn, add elevator pressure, and keep 
it there until the indicator gets ~ the way back to level ; if it 
goes to "up", do not push forward on the stick; just ease off a 
little of the excess stick pressure, and as ~as it ~down, 
without waiting for it to get back to level,put most of the pressure 
back on again. 

The tendency or the nose to come up on straightening up from 
this bank is very pronounced. As in 30° banks, when you start to 
recover, concentrate on the turn and bank and air speed indicators ; 
bring the air speed back to nonnal, cross-checking against the rate 
of climb indicator. 

Practice keeping the ship straight and level for a considerable 
time on recovering from this bank until you have definitely learned 
to follow your instruments instead of your sense of reel. 

For some reason I have never been able to understand, most pi
lots seem to have a good bit of trouble with banks of 45° and steep
er. There is no trick to them; it is just the old 1-2-3 system ex
cept that in this case the rate of climb is controlled with the ele
vators and the air speed largely ignored. or course, in this posi
tion the airplane does things in a hurry and the pilot must be very 
much on his toes to ~ his corrections quickly. The chief dif
ficulty is in keeping the nose level, but all it takes is literal 
follONing of the instructions given above and willingness to put 
'beef' on tne elevators if 'beef' is required to make the rate of 
climb stay where you want it - which is exactly on zero. The other 
difficulty is in letting the turn get too tight, which is always 
shONn by the turn indicator moving out beyond the desired position, 
and which is corrected by applying top rudder. In nonnal maneuvers 
only a feather touch on the controls is ample , but in steep banks 
and other abnonnal positions you have got to be the boss and put 
w~atever pressure on the controls may be necessary to keep the in
strument 1nd1cat1ons as you want them. Incidentally, it's much 
easier to keep these indications where you want them than it ls to 
get them back - it's getting them back after they've gotten away 
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from you that requires power on the controls. But even when you put 
real pressure on the controls, be smooth about it - it's a finn, 
steady increase in pressure and not kick that does the trick. In 
other words, you've got to be boss of the airplane, but while you're 
being "big and strong", don't forget to be "oh, so gentle". 

Primary Training - Stage 10 

In this stage, practice recoveries from abnonnal positions. The 
instructor will place the ship in steep nose up or nose down spi
rals, dives, stalls, steep slips or skids; he will get about half 
way over in a wing-over or start a spin, and at a signal from him it 
will be up to you to bring the ship back to a straight and level po
sition. It is not necessary to hold your altitude accurately during 
these maneuvers, and ordinarily it will not be necessary to use the 
throttle. The recovery is made by: 

(1) Centering the turn indicator with the rudder 
(2) Centering the ball with the ailerons 
(3) Getting back to normal cruising speed (level flight) 

with the elevators 
This Job is done absolutely by the "1-2-3" system, using the turn 
and bank indicator and the air speed. Although shown as "1-2-3", 
all these actions should be practically simultaneous. 

Usually the hardest part is to get the nose level,which is done 
primarily by watching the trend of the air speed indicator. After 
you have the air speed increasing or decreasing, as desired, then 
cross check with the rate of climb to keep the nose from going be
yond level the opposite way. But even here the rate of climb indica-
tor is auxiliary to the air speed. 
air speed tl1at you are after. 

It is primarily normal cruising 

In recovering from a stall, the main thing is to recover speed 
by pushing forward on the stick, easing off most of this forward 
stick pressure as soon as the air speed shows any increase at all. 
The only way the air speed indicator could show an increase is for 
the nose to come down. You do not want to dive the ship, but 1f you 
hold on to your forward pressure until the air speed indicator gets 
all the way back to normal cruising you will be started into an out
side loop. Keep the trend of the air speed coming steadily but 
easily back to normal; cross check with the rate of climb and hold 
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it slightly below level until Just before the air speed reaches nor
mal cruising speed. Keep the turn indicator accurately centered 
during the entire recovery. It you keep the turn indicator centered 
the airplane cannot tall ott. 

A side slip is indicated by the tact that both the turn indica-
tor and the ball are ott center on ths same side. 
in recovering trom this is aileron. 

'lbe main control 

A skid is indicated by the tact that the ball and turn indica-
tor are ott center on opposite sides. 
trol in recovering trom a skid. 

The rudder is the main con-

I do not recommend doing spins under a hood but it you should 
get into one, the recovery is the same as in contact !light. The 
tirst move, it possible, is to stop the spinning (center the turn 
indicator) with the rudder and as soon as the spinning has stopped 
recover normal cruising speed with the elevators. It the spin can
not be stopped with the rudder, push forward on the stick to gain 
speed and gradually apply rudder pressure to center the turn indica
tor. This will bring you out in a steep dive. When the turn in
dicator begins to respond to the rudder pressure, gradually close 
the throttle and as soon as the turn indicator is centered, regain 
normal cruising speed (gradually it your speed is excessive). As 
normal cruising speed is approached, begin to open the throttle 
slowly until you have nonnal power. 

There is nothing in the least di!ticult about these recoveries 
it you will keep the fundamentals ot the "1-2-3" system actively in 
mind. There are really only two instruments to watch - the turn and 
bank and the air speed. Concentrate on them, do what they tell you 
and out ot the corner ot your eye cross check with the rate or climb 
indicator and the altimeter. 

Primary Flight Group Instruments 

Thus tar we have covered all the !light instruments essential 
to instrument !light - the turn and bank indicator, the air speed 
indicator, the rate ot climb indicator, the altimeter and the com
pass. The tirst three ot these are "rate" instruments, the so
called "Primary Flight Group" which, as we have mentioned betore, 
are always grouped together since they must be used together. With 
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these three instruments alone, a pilot is able to recover from any 
attitude or condition of flight or to produce any attitude or con
dition of flight. When a compass and an altimeter are added to the 
group he can also navigate. 

However, the first three of these instruments are "rate" in
struments and the amount of motion must be mentally calculated: 
possible, and many pilots struggled with the problem for years in 
the old mail ships before Sperry directional gyros and gyro-horizons 
became standard equipment. But it was a struggle and the results 
were certainly not up to present day standards or requirements of 
accuracy. 

These two Sperry instruments really take the curse and the work 
out of instrument flying because,(l) they have no lag or swing to be 
allowed for as with the compass, the rate of climb, the air speed 
and even, to a minor extent, the bank indicator and (2) being amount 
instruments, they do not require any mental calculations. Further 
than that, their dials are so designed that the pilot has an actual 
picture of the attitude and bank of his ship in the air, just as 
though he were out in the open with excellent visibility and a sharp 
horizon. 

These two instruments cannot be used in your test, and conse
quently must not be used in preparing for it. It's only human to 
do things the easy way,but use of the directional gyro and gyro hor
izon makes instrument flight so easy by comparison that all of us 
would neglect the fundamentals of instrument control, mastery of 
each of which is really necessary to do a proper job, even in con
junction with Sperry instruments. 

However, tests over, every one 
flying at all will start using the 

of us who does any instrument 
directional gyro and the artifi-

cial horizon, so rtght here is the proper place to describe their 
functions and use. 

Directional Gyro 

This is an air-driven gyroscopic instrument, having a card 
graduated exactly as the card of a compass. It measures the amount 
of turn from any set point. If we set it at o0 and turn 90° i~ 
read 90° 1t we turn right, or Z?0° 1t we turn left. In practice it 
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THE DIRECTIONAL GYRO IS A FIXED INDICATOR OF DIRECTION FOR 
STEERING STRAIGHT COURSES AND FOR MAKING PRECISE TURNS 

is set with the compass and used as a compass. Having no polarity 
or magnetic characteristics, it has no compass swing, no lag and no 
run-ahead. It shows the exact heading of the nose at any time, re
gardless of rough air, turning the ship, dropping a wing or changing 
attitude. 

Having no polarity, it must be set with the compass. Before 
setting the gyro, see that your compass is telling the truth, and 
form the habit of frequently checking the gyro against the compass . 
The best time to do this ls after you have been moving along smooth
ly and straight and level for several seconds. The compass will 
then be settled down and giving a correct indication of the heading. 

Because of friction, the Directional Gyro ls subject to error 
which may amount to 3 or 4 degrees in a fifteen minute period. A 
directional gyro may have considerably less error than this, but if 
the error exceeds this amount, it indicates either (1) low vacuum, 
(2) that there ls more than normal friction in the bearings - usu
ally due to dirt and requiring merely a normal periodic check and 
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clean1ng,or (3) that the pilot has been careless in setting the gyro 
with his compass. I have seen more than one perfectly good gyro 
written up on a •squawk sheet• simply because the pilot set the gyro 
at a time when his compass was lying - and then blamed the error on 
the gyro. 

When a directional gyro spins, it ls because stops on the. gim
bal ring that supports the rotor have come into play. Tbese stops 
limit the movement of the gimbal to about 60° from horizontal. Thus 
when a bank or dive exceeds 60°, the gyro precesses and usually 
spins. No hann ls done, but the pilot must cage the gyro and reset 
it by pushing in and turning the caging knob underneath the dial. 

Tbe directional gyro does not require calibration but it does 
require a dependable and accurate power supply. Tbe air flow to 
drive the rotor is caused by suction from a venturi or vacuum pump 
and the vacuum must be between 3-3/4 and 4" of mercury to properly 
operate the gyro. The artificial horizon requires the same amount 
of vacuum, which in addition to 1-3/4 to 2" for the turn indicator, 
means quite an array of venturis if all are to be venturi-operated. 

Modern practice is to create this vacuum with a vacuum pump 
mounted on the engine. Venturis must be very carefully mounted and 
even then the amount of suction produced varies with the speed and 
attitude of the plane. Tbe vacuum pump pennits ample supply, is 
subject to accurate control and does not ice up in snow or icing 
conditions which would make a venturi useless. 

However, even when flying a course by gyro, using the turn in
dicator in connection with it helps to smooth out the flying. The 
turn indicator tells you the instant your nose turns off line and 
how fast you are turning; the gyro tells you how much you have 
turned and your present heading. If you want to correct a course 
on the gyro, the accurate and smooth method is to establish your 
turn by holding the turn indicator in the desired position (which 
establishes the desired rate of turn) until the gyro shows that you 
have reached the desired heading; then instantly center the turn in
dicator and keep it centered. 

The Artificial Horizon 

This ls an air driven gyroscopic instrument showing the amount 
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of deflection from horizontal around the longitudinal axis (bank) 
and the lateral · axis (attitude or pitch). The indicator is a bar 
which has both rotary and up and down motions, simulating the ap
parent movement of the true horizon with respect to the nose. Fixed 
to the case is a small silhouette of an airplane. If your left wing 
drops, the horizon bar raises on the left,drops on the right, there
by bringing the left wing of the tiny airplane closer to the horizon 
bar - just as the left wing of your ship is closer to the actual 
horizon line than the right wing. If the nose goes up, the horizon 
bar drops, just as the actual line of the horizon cuts across your 
ship's nose at a lower point when the ship's nose comes up. In ad
dition there is a pointer graduated in degrees which shows the exact 
degree of the ship's bank. So all you have to do is fly the minia-
ture airpl ane with respect to the horizon bar just as you would fly 
your actual airplane with respect to the real hori zon. 

The stops on the glmbal of the artificial horizon limit its 
motion to 70 degrees in climb or glide and 100 degrees in bank (ten 

THE GYRO-HORIZON IS A DIRECT READING INDICATOR SHOWING BANK, 
CLIMB OR GLIDE. IN THIS POSITION, LEVEL FLIGHT IS INDICATED. 
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degrees beyond a vertical bank on either side). I! the bank or the 
dive go beyond these figures, the 11m1t stops are reached, and un
less the horizon can be caged,the gyro will precess from its nonnal 
position, rendering its indications unusable. A period or ten to 
fifteen minutes o! straight !light is required before the instrument 
returns to normal indication and can be used again. For this reason 
artificial horizons installed 1n airplanes subject to violent man
euvers, such as military aircraft,are usually equipped with a caging 
device. By caging the rotor, the horizon bar is instantly returned 
to its normal position by the pilot. It is then uncaged and the in
strument indications are normal. 

The gyro-horizon combines the indirect !unction or the amount 
ot bank indication or the turn and bank indicator with the attitude 
!unction of the air speed indicator, and its indications are easier 
to read and interpret than the indications o! the two fundamental 
instruments. Through the use o! a separate ball bank indicator 
mounted in the directional gyro case, it ls possible to tell whether 
the bank is correct for the turn being made. 

The Sperry Gyropilot 

This is commonly referred to as the automatic pilot, or robot 
pilot, or maybe just 'Iron Man'. It embodies a directional gyro and 
a gyro-horizon (bank and climb gyro) connected through a system or 
relays to the rudder, elevator and aileron controls of the airplane, 
and 1t actually !lies the airplane. 

The directional gyro is connected to the rudder and will hold 
the airplane on any heading you select. To change the airplane head
ing all you need do is to turn a small knob which rotates the head
ing dial to the heading you desire - and presto, the airplane comes 
around to that heading and holds it. 

The bank and climb gyro ls connected to the aileron and eleva
tor controls. I! you set the dial to hold the nose level, the gyro
pllot will keep it level; 1! you set 1t to hold the nose up, the 
gyropllot will keep it up as long as the engines will put out the 
power to hold it there; whatever attitude you select, that attitude 
will be held by the ship until you chan~e the setting o! the gyro
p1lot. If you set the 11 ttle knob to hold a 15° bank, tlle airplane 
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will hold a 15° bank until you run out of gas - or reset it. 

The gyrop1lot ls adjustable for sensitivity. It can be very 
positive and quick - even rough in its control - or very soft and 
easy, depending on how you set it. While it ls in operation you 
need not touch the controls, but can devote all your attention to 
navigation or engine operation, or go read a book. Flying a beam 
with it is the slickest thing in the world, for a beam ls a course 
and a gyrop1lot holds a course more exactly than a human pilot can. 
It ls uncanny to watch the rudder controls and the wheel move as re
quired without anyone touching them; the effect ls something like 
watching the keys on a player-piano. And, of course, the relief to 
the human pilot on a long tough trip, and particularly with rough 
air, ls tremendous. 

The automatic pilot can be disconnected or connected with the 
flip of one hand, permitting the human pilot to take over. And now 
it can even be connected to a radio compass so that it can do the 
navigating as well as the flying. 

The gyrop1lot ls shown at the center of the instrument panel in 
the frontispiece. 
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CHAPTER III 

CHARACTERISTICS OF RADIO RANGES 

Purpose 

The purpose of a radio range is to serve as a directional aid 
to pilots. Having this directional guidance, the pilot is enabled 
to keep within certain definite limits along an airway. Through the 
use of voice broadcast stations which are normally associated with 
range stations, the pilot is also provided with current weather re
ports covering the airways for an average radius of about 200 miles; 
these broadcast stations are also available for two-way conversation 
between the ground and the plane, for transmission of instructions, 
flight plans, clearances and other important information.· 

The radio ranges operate in the frequency band of 200 to 400 
kc . (long wave). 

Range Operation 

In Morse Code the signal for the letter "N" is dash dot (-•) 
and the signal for the letter "A" is dot dash (·-). If these two 
signals are properly timed, it will be seen that they will interlock 
or mesh as the teeth of a gear. 

FIGURE 1: INTERLOCKING RANGE SIGNALS 

If both "A" and "N" have the same tone and volwne, neither can 
be distinguished, but the signal heard ls a long monotone dash or 
"T" • 

A directional transmitting loop or vertical tower radiating 
antenna system, of the type used in radio ranges, puts out a signal 
fleld shaped llke a figure 8. From above, this field looks something 
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like this: 

FIGURE 2: RADIO RANGE SIGNAL FIELD, ONE ANTENNA 

The greatest signal strength is in line with the antenna, but 
the signal fades out to nothing at the boundaries of the 8-shaped 
signal field. Naturally, the farther out from the antenna, the 
weaker the signal, for radio signals decrease in strength propor
tionately as the square of the distance from the transmitter. Out
side this 8-shaped field there is no signal at all from this loop, 
or this pair of vertical radiators. 

If this first loop is crossed with another, the two 8-shaped 
fields will overlap. If th~ second antenna is transmitting the 
letter "A" and these "A's" are interlocked with "N's" from the first 
loop, as · 1s done in a radio range system, there will be no interval 
between signals in areas in which these two signal fields overlap. 

FIGURE 3: COMPLETE RADIO RANGE SIGNAL FIELD, BOTH ANTENNAS 

This is the fundamental idea of the directional radio range. 
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The Beam 

At about the center of each of the four areas in which these 
8-shaped fields overlap, there is a narrow strip in which the sig
nals from both antennas interlock and are of equal strength. In this 
narrow strip neither the "N" nor the "A" signal can be distin
guished, but instead, all that can be heard is a steady monotone, a 
long dash or "T" signal. This is the "beam" or "on-course" signal, 
or "T"; or if you want to be technical, it is the "zone of equal sig
nal strength". For our purposes it will be called the "beam", "on
course", or "T" signal, or sometimes the "leg". 

The beam is designed to have a total width of 3° (1-1/2° either 
side of the centre line) but experience will show that this varies 
considerably. It is my experience that clean on-course signals with 
no distinguishable trace of either "A" or "N" are usually narrower 
than 3° although occasionally one is found that is materially wider. 

Bi-Signal Zones 

Within the remainder of this overlap area signals are received 
from each antenna (or each pair of radiators), but those from one 
antenna are stronger than from the other. This is the "bi-signal" 
zone which was formerly called the "twilight zone", in which a mono
tone background is heard, but with the "A" or "N" signal distin
guishable above that background. 

Figure 4 shows what signals are heard in different parts of the 
range; the relative signal volumes being indicated by comparative 
heights of the blocks representing "A's" and "N's". The time is 
identical for all the signals illustrated. It will be seen that in 
the off-course zone of the "N" quadrant, nothing is heard while the 
"A" signals are being transmitted because this zone is outside the 
boundary of the "A" signal field. Likewise in the off-course zone 
of the "A" quadrant, nothing is heard while the "N" signals are be
ing broadcast because this zone is outside the boundary of the "N" 
signal field. 

In the "N" bi-signal zone, which extends from the beam to the 
boundary of the "A" signal field, signals from both antennas are re
ceived, but the "N" is louder than the "A", the difference being 
greatest at the boundary of the "A" field, the respective volumes 
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TWILIGHT BAND 
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FIGURE 4: RELATIVE SIGNALS AND SIGNAL VOLUME 
IN DIFFERENT PARTS OF A RANGE 
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becoming equal at the beam. Likewise in the "A" bi-signal zone,sig
nals from both antennas are received, but the "A" ls louder than the 
"N", the difference being greatest at the boundary or the "N" field, 
the volume gradually becoming equal at the edge or the beam. Al
though signals from both loops (or both pairs or vertical radiators) 
are received, the only signal that can be read is the louder signal, 
the weaker seeming merely to be a monotone background above which 
the louder signal is heard. Ir we think or this background as being 
a sort or h1.U111111ng "um" sound, the "N" bi-signal sounds like "ummmmmm 
dahummndit1.U11111", etc. with no space or time interval between the "um" 
and the dots or dashes. In the "A" bi-signal zone the sound is 
"wmmmmnditummmmdahl.Dll!lllll", etc. Near the outer boundary or the bi
signal zone the "um" sound is very weak, the dots and dashes very 
distinct; near the twilight band the "urns" are almost as loud as the 
dots and dashes, and in the twilight band the dots and dashes can 
just be distinguished above the "um" sound. 

The bi-signal zone is presumed to have a width or 30° each 
side of the beam. Actually, the opposite signal ("A" in an "N" bi
signal zone; "N" in an "A" zone), which is recognized as a monotone 
background against the stronger signals, can seldom be distinguished 
by the ear ror a distance greater than 5° orr the beam. However, 
the identification signals or a station (described in detail later) 
can be heard through a considerably wider angle, though I doubt that 
it is normally as much as 30°. 

Ir we take a point (x) in Figure 4, part way between the beam 
and the boundary or the bi-signal zone on the "N" side, the signals 
rrom the "A" antenna will be about half as strong as those from the 
"N". Thus, the signal heard at the point "x" would be made up or 
"T" background caused by the meshing or about halt the strength or 
"N" signal being received with the full strength or "A" signal being 
received, the other halt or the "N" signal being readable as "N" 
above that background. Graphically, it would look like the signal 
graph shown in Figure 4 tor the "N" bi-signal zone. 

Identification Signals 

On radio ranges operated by the Civil Aeronautics Authority, 
arter every so many signals (usually fifteen or each) the "N" and 
"A" antennas stop broadcasting "N's" and "A's" and broadcast alter-
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nately the identification signal of the particular station. This 
identification signal is the Weather Bureau symbol in Horse Code for 
the airport at which the range is located. Thus Newark is ' NK (dash 
dot space dash dot dash), Chicago is CG (dash dot dash dot space 
dash dash dot), Washington is WA (dot dash dash space dot dash),etc. 
Th"E IMPORTANT THING TO REMEMBER IS THAT THE "N" ANTENNA ALWAYS 
BROADCASTS THIS IDENTIFICATION SIGNAL FIRST, FOLLOWED BY THE "A" 
ANTENNA AND THAT THESE IDENTIFICATION SIGNALS ARE SUBJECT TO THE 
SAHE LIMITATIONS OF SIGNAL FIELD AND RELATIVE INTENSITIES AS THE "N" 
AND "A" SIGNALS THEMSELVES. 

Thus, within the 8-shaped field put out by the "N" antenna the 
identification signal broadcast by the "N" antenna is heard; outside 
that field it is not heard and the same principle applies to the 
identification signal broadcast by the "A" antenna. On the beam,both 
identification signals are heard and they are of equal strength; in 
the bi-signal zone both signals are heard but are of unequal inten
sities. In the "N" bi-signal zone the first identification signal 
(broadcast by the "N" antenna) is loud, the second (broadcast by the 
"A" antenna) weak; in the "A" bi-signal zone the first signal (broad
cast by the "N" antenna is weak, the second loud. Outside the bi
s 1gnal zone in an "N" quadrant the first signal ls heard, but during 
the time that the "A" antenna is broadcasting there is silence. THUS 
'l'HESE SIGNALS FADE OUT OR BUILD UP BY POSITION WITH RESPECT TO A 
BEAl1 AS WELL AS BY DISTANCE FROH THE STATION AND THIS FACT.IS OF THE 
GREATEST IMPORTANCE IN WORKING OUT ORIENTATION PROBLEMS. 

Twilight Band 

The twilight band ls a very narrow strip lying between the beam 
and the bi-signal zone - the boundary of each of them. Tr,eoretical
ly 1t has a width about equal to the span of the ship; actually it 
is somewhat wider than that but still very, very narrow. In the 
twilight band the "N" or "A" signals barely can be distinguished 
above the monotone background, but both identification signals sean 
to be of equal intensity. Thus the width of the twilight band de
pends on how acute your ears are. Actually, the identification sig
nals have the same relative intensities as their respective "A" and 
"N" signals, but coming successively and with an interval between 
signals, the ears do not acoustically detect the minute differences 
in signal volume . 
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Cone or Silence 

On any one range, the pilot may know which beam he is !lying, 
but he has no way or knowing definitely Just where on the beam he 
may be. He can place himself as being somewhere on a certain line 
(the beam) but tte only point in that one range system wt1ich he can 
positively identity is the cone or silence directly over the trans
mitting antenna. As the pilot approaches the station the rate or 
increase or signal volume increases greatly. I! the pilot !lies di
rectly over the station, and particularly i! he stays on the beam, 
all signals will suddenly die out; they seem to •go dead'. Then im
mediately arter passing the station, signal volume seems louder than 
ever, and almost immediately after this surge or signal strength, 
volume fades out very rapidly, reversing the rapid build up before 
he reached the station. This is the build up, cone or silence (or 
dead spot), surge and fade which enable a pilot to know when he is 
directly over the radio station - the one point which can defin
itely be identified on any one range system. The aircraft receiver 
antenna systEl!I plays a very important part in this phenomenon. Only 
a correct antenna and receiver installation will give the required 
build up, cone or silence and surge. 

Every range station has different cone of silence and surge 
characteristics. A normal range (one with 90° quadrants) usually 
has a larger and more definite cone or silence than a range with a 
distorted pattern. A vertical radiator system (TL type) usually 
has a larger and cleaner cone or silence than a loop station, but 
this depends to a large extent on the type or the aircraft receiving 
antenna. The cone or silence is just wr.at its name implies, a ver
tical inverted cone with its point at the transmitting station. 
Nonnally the higher the altitude over the station the larger the 
area within the cone. It is usually extremely difficult to detect 
the cone definitely, even over the best stations, at altitudes less 
than 500 feet, because the ship !lies through the tiny area at that 
height in a traction or a second. 

Distorting the position or a beam from the normal 90° quadrant 
layout usually does two things to the cone of silence. First, it 
contracts the cone, and second, it frequently causes the cone to 
lean. In that case the apex of the cone will be at the range trans
mitting station, while the axis, instead of being vertical, will 
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lean, usually away from the widest quadrant. 

The type or receiving antenna and its installation arrect ~
parent beam alignment and detection or tt.e build-up, cone or silence 
and surge much more than the type or transmitting antenna. Graphic
ally, a profile section or the signal volume or a range looks like 
this: 

B E 

A F 

M-------C D - -- -- -- -- --M' 

RS 

FIGURE 5: SIGNAL VOLIJ11E OF A RANGE STATION IN PROFILE 

The line M-M1 is the lowest signal volume audible to the ear. 
The curve A-B is the volume build up received as a ship flies from M 
toward M1• The curve B-C is the fade-out. The curve C-D is the ab
solute cone or silence (below the level audible to the ear). The 
curve D-E is the surge, and the curve E-F is the normal fading or 
the signal as the airplane progresses toward M1 with increasing dis
tance from the range station (RS). 

Location or "N" and "A" Quadrants 

There is a standard rule ror location or "N" and "A" quadrants. 
A line drawn true north through the transmitting station will pass 
through an "N" quadrant unless the centre line or the north leg or 
the range system happens to coincide with~ north, in which case 
the "N" quadrant will lie to the west or this beam (the northwest 
quadrant). Obviously, "N" and "A" quadrants alternate around the 
range pattern. 

Alignment or Beams 

By controlling the comparative sizes or the various signal 
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fields, which is done by regulating the strength ot signal trans
mitted to each tield, the location ot overlap areas can be con
trolled. This makes it possible, within certain limits, to tocus or 
direct the beam on a particular point. 

While tocussing ot beams can be and is done, the mo~t satis
factory range performance is obtained when each ot the quadrants is 
90° which means that the beams composing each pair are reciprocal 
and each pair is at right angles to the other pair. With such a 
range, the cone ot silence does not "lean" and is usually quite 
distinct, even at low altitudes. Furthermore, the beam seems to be 
less subject to swinging and to multiple courses and is easier to 
hold in exact alignment. 

Location ot Stations 

Hodern practice in range construction recognizes these charac
teristics. Hodern practice also recognizes that the most important 
!actor 1n selecting the location tor a range station ls 1ts pos1t1on 
with respect to an airport tor low instrument approaches. Therefore, 
modern range stations are located two to three miles or even farther 
trom airports - down wind tor the preva111ng bad weather wind d1rec
t1on - with one beam aligned directly over the !1eld. This makes 1t 
possible to ride the beam trom the range station directly to the 
!1eld and to land without turning upon breaking out underneath the 
overcast. Ot course, conditions ot terrain and local obstructions 
or length ot runways frequently require compromises with this loca
t 1on. 

Weather Broadcasts 

One ot the purposes ot the radio range system is to furnish the 
pilot up-to-the-minute weather reports and other intonnation such as 
field condition reports, tratt1c intormat1on and clearances, essen
tial to sate flight along the aitways. 

At each range station which has broadcast facilities there is a 
regularly scheduled time for broadcasting the regular weather se
quences. Certain routes will be broadcast at so many minutes past 
each hour; other routes at other specified times; terminal forecasts 
and winds aloft reports at other times. These reports are broadcast 
regardless of whether there ls any one 1n the air to receive them or 
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not. In addition, special weather reports are made (without regard 
to schedule) whenever weather conditions change su!!iciently to re-
quire a new report. 
received. 

These special reports are broadcast as soon as 

Until about 1935 all or these broadcasts, plus any other voice 
broadcasts, were on the same frequency as the range station, and it 
was necessary to shut orr the "A" and "N" range signals while voice 
broadcasting was in progress. There was a terrific conflict or in
terests. The pilot who was a considerable distance !rom the sta
tion might be more interested in receiving weather in!onnation than 
in receiving range signals during the two or three minutes neces
sary, to broadcast a weather sequence; but the pilot who was making a 
low approach to the station, and who had to have range signals to 
make that approach, was not in the least interested in knowing that 
it had stopped raining at 'Podunk', an emergency field 200 miles 
away. When the range signals were shut o!f and he was near the sta
tion it meant that frequently he had to start his approach all over 
again. I remember only too well the day I took my test for an SAT 
rating. It was rough, with a terrific cross wind, and tour times 
when I had gotten to within a rew hundred feet of the station, the 
range signals were shut orr tor special weather broadcasts, making 
it necessary tor me to turn back and approach again. 

Under conditions or low ceiling or visibility when ships are 
making an actual instead of a simulated instrument approach, range 
stations, when requested, will go on "continuous operation", in 
other words all voice broadcasts are discontinued. This brings loud 
squawks rrom the pilots farther out on a range system who want and 
need that weather information. This most unsatisfactory system of 
operation still prevails at more than halt the radio range systems 
operated by the Civil Aeronautics Authority. 

The first attempt to remedy the situation was to broadcast all 
weather and other notices on a frequency different trom that or the 
range, permitting the range to remain in continuous operation. This 
method is in errect at the more important terminals now,and at these 
stations, except !or emergencies, all voice broadcasts are made on 
the one frequency or 236 kc. It definitely solves the problem of 
giving the pilot who must make an instrument approach and who is not 
particularly interested in weather reports, uninterrupted range sig-
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nals. It has a disadvantage in that the pilot who wants weather re
ports, and who has only one receiver, must tune o!! the range and 
re-tune to 236 kc in order to hear the scheduled broadcasts. Sim
ilarly, he is deprived or "Special Weather Reports" while !lying the 
range because these are broadcast immediately on receipt. These are 
usually spot reports or changing conditions and may be just exactly 
the information he vitally needs. 

Simultaneous Range and Broadcast Stations 

The di!!iculties or both or the systems described above are 
avoided by the use or the new, five-tower, Adcock vertical radiator 
type range stations which broadcast voice and range signals simul
taneously. The Civil Aeronautics Authority program !or modernizing 
exist~ng radio aids to navigation and increasing the number or these 
aids includes eventual standardization on the TL (Adcock vertical 
radiator) type or range station using !ive towers, and pennitting 
both voice and range signals to be broadcast simultaneously. The 
several advantages which the vertical radiator transmitting antenna 
have over the old loop type will be discussed later. With a TL sta
tion the !our corner towers broadcast the "N" and "A" signals or the 
range system, while the center tower broadcasts voice signals . The 
carrier or the center tower is on at all times, this continuous 
carrier being or material assistance in radio compass operation; the 
carrier or the corner towers is on only at those instants when they 
are putting a dot or a dash on the air; thus while the "N" signals 
are being broadcast no carrier is emanating from the "A" towers and 
vice versa. 

With the simultaneous system, the "N" and "A" signals are mod
ulated at a 1020 cycle (audible) tone. Host or the audible portions 
or the rrale voice are in the lower end or the frequency band or 200 
to 3000 cycles, with some over-tones, hannonics, etc., going con
siderably higher and some tones lower than this range. There is 
comparatively little or the human voice right at the 1020 cycle fre
quency, so that the elimination or voice frequencies within a narrow 
range centering at 1020 cycles has little appreciable e!!ect on 
speech intelligibility. 

To use this system effectively, the airplane receiver circuit 
must contain a small filter unit. One band o! this filter cuts out 
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everything but audio frequencies in the vicinity ot 1020 cycles. In 
other words, it cuts out all voice signals except the tew that hap
pen to be at this frequency, leaving the range signals undisturbed. 
The other band cuts out everything in the vicinity ot 1020 cycles, 
pennitting all other frequencies to pass through. In other words, 
it cuts out the range signals, pennitting voice signals to come 
through to the head set without interference from the range signals. 
These tilters have a three-position switch, pennitt1ng either voice 
signals alone to pass, range signals alone, or both. 

In operation, the pilot flies with the tilter switch set on 
"Both". He hears the range signals, and it a voice broadcast comes 
on he can usually read either the voice or the range signals without 
ditt1culty - just as you can listen to the music or the voice as you 
desire when someone is speaking on a commercial broadcast with a 
background ot music. It, due to static, or some other cause, the 
voice and range signals interfere, the pilot can, by moving the 
tilter selector-switch to "Voice" or to "Range", receive whichever 
signal he elects, alone and without interference trom the other. 

The obvious advantage ot this arrangement is to be able to re
ceive !!!.! the weather 1ntonnation broadcast, and at the same time to 
have continuous range signals tor directional guidance. Another 
great advantage is static elimination; by putting the tilter switch 
on "Range", only those signals having an audio frequency ot or close 
to 1020 cycles come through to the head set, and therefore most of 
the static as well as the voice interference is eliminated. 

The tilter which accomplishes these most desirable things is 
quite small and light - about three by four by six inches, and about 
three pounds. 

Irregularities in Range Operation 

Theoretically, a beam is a thin vertical wedge, three degrees 
wide and reaching from the earth to infinity, the sides of the beam 
being vertical plane surfaces. The0retically, as we leave the beam 
and fly toward the centre ot a quadrant there is a steady decrease 
in the received signal ot the opposite quadrant and just as ste~dy 
an increase in the received signal of tlle quadrant in which we are 
flying. T11eoretically, it the centre line of this wedge or beam is 
aligned on a certain point and is publ131ed as being on that point, 
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that is the place where the centre or the beam will always be round. 
While this condition is usually at least approximated, unfortunately 
it is not always just that way in actual operation. 

Multiple Courses 

A beam is formed by the overlapping and interlocking or two 
radio signal fields, an on-course signal being round in those parts 
or this overlap area in which the signals rrom these two fields are 
or equal strength. Theoretically,the gradations or strength through
out a field follow a definite pattern, this pattern being the basis 
or the design or the station in determining how much signal strength 
to transmit to each field. But unfortunately there will be vari
ations rrom the theoretical strength or the field at different 
points. These variations are usually caused by reflections rrom or 
absorptions by mountains, high buildings, ore deposits, bodies or 
water, etc. Therefore, instead or having one narrow wedge in which 
the two signal fields overlap and are or equal strength, we may find 
several places in which the fields overlap and are or equal 
strength, in other words, several places where an on-course signal 
will be received. Where this situation occurs we have one "true" 
beam and one or more other beams which are called multiple courses 
or split beams. They are most conmon in mountainous country, but may 
be round on any range, and are fairly conmon in the vicinity or oig 
cities where tall buildings with their structural steel framework 
arrect the pattern or signal tields. 

Just as the tour true beams or a range system point or lead to 
the range station, so do the multiples point to the range station. 
The true beam follows all the way to the station,the multiple almost 
never does. Multiples may be a rew hundred yards or many miles in 
length, but sooner or later they play out and the pilot who has been 
following a multiple finds that he is no longer receiving an on
course signal but is in a bi-signal zone. There may be several 
multiples in one bi-signal zone: I once counted fourteen in the 
west "A" quadrant or the Elmira, N.Y. range within a twenty mile 
radius rrom the station. There is one saving ractor with regard to 
multiples; it you are flying in a multiple course which actually 
lies in an "A" bi-signal zone, you will receive an "A" signal when 
you slide orr the multiple no matter on which side or the multiple 
you slide ott, or whether you come to the end or the multiple; that 
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is, you will receive the correct signal (with relation to the true 
beam), so that eventually you always work over to the true beam. 

"A" Bl-SIGNAL 

MULTIPLE 

"A" Bl-SIGNAL "A" Bl-SIGNAL 

~ ~ 
"A" Bl-SIGNAL 

TRUE BEAM 

" N" Bl-SIGNAL 

"N" Bl-SIGNAL 

FIGURE 6: MULTIPLE COURSES OR "SPLIT BEAMS" 
THESE MAY BE CAUSED BY REFLECTION FROM MOUNTAINS, 
HIGH BUILDINGS, ORE DEPOSITS ·oR BODIES OF WATER. 

Thus, if you thought you were flying the true beam in Figure 6 
headed toward the station but were actually on the long multiple on 
the "N" side and happened to slide off either side of it, or run off 
the end of it, you would pick up an "N" signal, turn right and even
tually work over to the true beam: if you were on the outside mul
tiple on the "A" side, and ran off the end, you would turn le~, 
making the same correction you would have made had you slid off the 
true beam to the "A" side. In this case you would probably pick up 
another multiple, slide off it or come to the end of it, find your
self still getting an "A" signal and eventually get back to the true 
beam. In flying across these beams, at right angles to them, it is 
easy to determine which is the true beam and which are the multi
ples, for when you cross the true beam there is a change of signal, 
from "A" to "N" or from "N" to "A"; but when you cross a multiple 
you will find the same signal on both sides of the ·multiple. 

Bent Beams 

The same conditions which cause multiples may also cause the 
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true beam to bend - the boundaries of the beam to curve instead of 
being straight lines. In such cases the distortion of the two sig
nal fields has been sufficiently unifonn to displace the nonnal area 
in which these two fields should interlock. Eventually the beam 
gets to the radio station, but such bends, particularly when you 
have a course for flying the beam well established, are very annoy
ing. Sometimes beams seem to bend when what actually happens is that 
the pilot has come to the end of a multiple course. 

Night Effect - Swinging Beams 

In all radio transmission there are two systems of radio waves, 
the "Ground Wave" which goes directly from the transmitting antenna 
in planes approximately parallel to the ground, and the "Sky Wave" 
which goes up to the electrically ionized region in the strato
sphere, known as the Kennealy Heaviside Layer, and is reflected back 
to the earth. Long waves (low frequencies) such as are used in 
radio ranges are less subject to "Sky Wave" than short waves. Like
wise, vertical radiator antennas put out a larger proportion of 
their signal emission in planes parallel to the ground than loop 
antennas. The horizontal component of the loop i~ loop antenr.as 
throws practically all its signal energy right at the Heaviside 
Layer. 

All our range systems are based on the pattern of field 
strength expected to be fonned by the ground wave; when a consider
able proportion of sky wave enters the picture, the pattern is dis
torted, the signal fields change their comparative strengths, the 
overlap areas shift positions, and the beams "swing". This phenome
non is usually called "night effect" because it is most noticeable 
around sunset and sunrise and to a slightly lesser extent at night -
very seldom in the daytime. It is between sunset and sunrise that 
the Heaviside Layer is presumed to be shifting its position, causing 
variation in the amount of sky-wave reflected to the earth. 

I have flown down beams on perfectly clear nights where I could 
see six or eight beacons ahead and where the ship was kept absolute
ly lined up with these beacons and the gyro heading never budged and 
where I should have been receiving a clean on-course signal. In
stead, I would receive everything from a clean off-course "A" to a 
clean off-course "N". 

Digitized by Google 

The beam would swing from a clean "A" to an 
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"A" bi-signal, to an on-course, to an "N" bi-signal, to a clean o!!
course "N", and then back again, the whole cycle requiring probably 
one to two minutes. 

This condition has been largely eliminated with the change to 
TL or vertical radiator type range stations, since only a small part 
o! the signal transmitted !rom these stations reaches the Heaviside 
Layer. But with the old loop stations it is very annoying and some
times very serious. This is the condition which caused Capt. Eddie 
Rickenbacker to refer to the old style loop stations as "revolving 
ranges". 

The only way to handle it is to strike an average and try as 
oest you can to !ly the centre line o! the swings. As you get near 
the station the e!!ect disappears, as there is not distance enough 
!or the radio waves to reach the Heaviside Layer and bounce back to 
your receiver. 

False Cones o! Silence 

Everyone is familiar with the radio phenomenon known as "fad
ing". It infrequently occurs on radio ranges, usually at night, !or 
such a short period that the suspicion may arise that the station 
has been crossed and a cone o! silence detected. It is more apt to 
happen (either day or night) over mountains or localities where !or 
some reason or other (ore deposits among others) radio signals are 
"dead". However, with such false cones o! silence there is no build
up, no surge, and the normal fading which occurs after a radio sta
tion has been crossed does not occur. There are !our things which 
happen when a radio station is crossed: build-up, dead-spot, surge 
and !ade; do not !eel that you have located a station unless each 
o! these features are noted: they confirm each other. 

Under certain conditions of rain, snow, or dust such a terrific 
static discharge will be heard in the headset that all radio signals 
are drowned out. The static sounds as though all the trap drummers 
in the world were beating a tattoo at once, and no two o! them quite 
in time with each other. This static is steady and constant. I! 
you have more than one !orm o! antenna, !ind the one which transmits 
the least static; 1t you have a shielded loop antenna, use it in the 
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maximum signal position; if you have a filter, put the switch on 
"range". The static can sometimes· be reduced by slowing down the 
ship. Usually some combination of these measures will reduce the 
static noise level to the point where radio signals can be heard 
through it; if none of them work, either go back or get to an alti
tude definitely above the highest point within a considerable dis
tance to either side of your course. Then proceed by the pre-deter
mined plan of dead reckoning to an area where you will either run 
out of the static or arrive so close to the station that the range 
signals will be strong enough to penetrate the static. The safe 
thing is to go back. 

Crash static such as that which accompanies thunderstorms is 
not usually so serious, because between crashes of static radio sig
nals can be read. 

Misaligmnent of Beams 

In checking beam alignment, a position of the centre line not 
more than 1-1/2° off the published bearing is considered par. How
ever, beams are frequently much farther off than this amount. Dis
torted range patterns (~ixture of large and small quadrants) are al-
ways hard to hold in aligmnent. Some ranges are so touchy that the 
grass under the antenna towers must be kept at just a certain 
height. A sudden shower changing the moisture content of the ground, 
or a raising or lowering of the height of the water table under the 
ground (due to tides, etc. as at Boston) will change the electrical 
capacity of the antenna sufficiently to throw beams considerably out 
of alignment. The alignment of beams is constantly being checked by 
monitor stations which immediately report cases of misalignment; 
usually corrections can be and are speedily made, but sometimes a 
major recalibration of all the elanents of the transmitting system 
is required to bring the range back to alignment. 

Range Infonnation 

In order to use the ranges it is necessary to know the fre
quency, beam alignment or bearings, location of "N" and "A" quad
rants, identification signals, location of the station with respect 
to the airport, broadcast schedules, and whether or not voice broad
casts are made on the range frequency or on 236 kc. Most of this 
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intonnation is shown on the sectional airway maps published by the 
Government. These maps are revised periodically to bring this in
tornation up-to-date, but major changes may be made within a week 
after a map is issued. 

Notice ot changes is published over the teletype system ot 
the Civil Aeronautics Authority at the ttme changes are made. These 
changes are sunmiarized in the "Weekly Notices to A1nnen" published 
by the Civil Aeronautics Authority,but ot course these only show the 
changes made in the preceding week. In order to keep your maps ac-
curate and up-to-the-minute it is necessary to post these changes on 
them as changes are announced. 

Each month the Civil Aeronautics Authority publishes "Tabula
tion ot Air Navigation Radio Aids" which contains complete intonr.a
t ion on each radio aid in the country. 

Bi-weekly the Hydrograph1c Office ot the Navy publishes "Notice 
to Aviators" which is usually up-to-date and glves the necessary in
formation tor each range in the country in very compact tonn. 

Other Radio Aids 

In addition to the radio ranges ot which there are three gener
al types, based on the power used, there are other radio aids ot 
direct use to pilots. 

Airport Control Towers 

Airport control towers have many tunctions, the chief ot which 
are to control traffic flying contact in the vicinity ot the airport 
(much as a traffic cop controls traffic at a street intersection) 
and to act as the ground radio station tor non-scheduled aircraft in 
relaying traffic information, flight plans, airway trattic control 
clearances, etc. Thus, all effective control towers are equipped 
with radio broadcast transmitters and a whole battery ot receivers. 
They maintain a listening watch on the frequencies ot all the air
lines using that airport, as well as on the itinerant aircraft fre
quencies ot 3105 and usually 6210 kc. 

All airport control towers equipped with radio transmitters 
(except at Anny airports) broadcast on the one standard airport fre-
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quency ot 278 kc. While not, in the strictest sense ot the word, a 
radio navigation aid, control towers are vital to the sate movement 
ot trattic along the airways and to the control ot traffic into and 
out ot their airports. Under CAR 60. (Civil Air Regulations) as 
amended ettective May 31, 1938, certificated radio control tower op
erators have the authority to clear or suspend contact !lights with
in the boundaries ot control zones, and within certain limits to 
clear take-otts when weather is below the standard minimums tor 
take-oft. 

"11" Type Markers 

"M" type markers are non-directive, are usually located at 
points where pilots should tune from one radio range station to 
another and broadcast simply a single letter (in code) on the fre
quencies ot both adjacent ranges. This broadcast is made about 
every five seconds, and under normal conditions will be heard tor 
about five miles from the station. The letter which is broadcast 
does not necessarily have any connection witp the name ot the sta
t ion or its Weather Bureau symbol. For example, Dunkirk, N.Y. (at 
the intersection ot the Buffalo and Erie ranges) broadcasts the 
letter "U" (dot dot dash); Putnam,Conn. the letter "S" (dot dot dot) 
etc. These stations all maintain a listening watch on the fre
quencies ot the airlines which pass over them and also on the itin
erant aircraft frequency ot 3105 kc. They answer calls trom air
craft on 278 kc unless specifically requested to use one or the two 
range frequencies on which the marker signal is broadcast . Stations 
ot this type operate when local visibility is less than five miles, 
or when more than one tenth ot the sky is covered by clouds, and at 
other times on request. 

"Z" Type Markers 

"Z" type markers are station markers, usually referred to as 
"visual cones or silence". They operate on the ultra-high frequency 
or 75 me and project a small signal field vertically above the range 
stations at which they are installed. The signal is audible and has 
a very shrill note, but most often it is used visibly. A very short 
antenna on the ship and a separate receiver pre-tuned to 75 me cause 
a light on the instrument panel to flash when the ship passes 
through the signal !1eld, thus definitely locating the station. A 
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cone of silence is a natural phenomenon and little can be done to 
control it; some stations have sharp, distinct cones ot silence; 
some have very poor ones, practically none at all. With the "Z" 
type marker there can be no doubt that the station has been crossed; 
it the light comes on or the shrill signal is heard, the station is 
definitely and positively located. 

Fan Type Markers 

The Civil Aeronautics Authority has been experimenting tor some 
time with tan type markers on ultra-high frequency (roughly similar 
to the markers used in the Lorenz system - see Chapter X) to be used 
as position markers on beams. These markers produce a vertical, tan
shaped signal field extending across a beam and at right angles to 
it. The horizontal cross-section is elliptical and at 5000 feet is 
roughly 12 miles wide (across the beam) by 3 miles deep (along the 
beam). Although at the present writing they have only been installed 
on an experimental basis, the results ot the tests have been so sat
isfactory that a quant~ty order has been placed tor them. 

Their use will be to provide definite radio fixes (more defin
ite than most beam intersections, just as the "Z" type marker is 
more definite than most cones of silence). They will be of greatest 
value in airway traffic control,particularly in speeding up landing
down-through procedures near busy tenninals. Beam intersections are 
frequently awkwardly placed to be used as inner markers: these tan 
type markers, due to their simplicity and comparatively low cost can 
be placed at just the points they are needed. 

Fan type markers transmit on the same frequency, 75 me, as the 
"Z" type marker and will be received by the same apparatus. They 
are modulated on a lower audio frequency (deeper tone) and can be 
received aurally, visually (lighting a light on the panel) or both. 
They can,be keyed with any combination of dots or dashes. To pre-
vent confusion, the following system of keying has been standard
ized: 

The "Z" type marker will be unkeyed but will transmit a 
steady, constant signal. The tan type marker on the beam 
which extends true north from the station (or it no beam 
extends true north the !irst beam clockwise - east - from 
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A 

true north) will be keyed with one dash; continuing clock
wise, the fan marker on the next beam will be keyed with 
two dashes; the third beam, three dashes and the fourth 
beam, four dashes. The scheme looks like this: 

N 

t 
N 

A 

N 

CODING OF FAN TYPE MARKERS 

Designations Used to Denote Class of Station. 

In publications and notices referring to the radio aids of the 
Civil Aeronautics Authority, the following designations are used to 
describe the type of station and facilities available: 
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B - Broadcast Station 
RA - Full pc:mer range, Adcock {TL) vertical radiators 
RL - Full power range, loop antenna 
M - Non-directive marker 
ML - Low powered range {loop antenna) {usually on 278 kc) 
MRL - Medium powered range {loop antenna) 
MRA - Medium powered range {vertical radiators) 
w - Without voice facilities 
T - Teletype {means on a teletype circuit) 
TX - Principal Teletype Statton 
P - Point to point radio {code for conununicatton with other sta

tions) 
D - Distantly controlled {most range stations are located some 

distance from the airport but controlled from the air
port) 

z - Zone high frequency (station location) marker 
s - Simultaneous transmission of range signals and voice 

Thus, tf a station 1s listed as "BRAZ-DTX", that station ts a 
full-powered range with vertical radiators; it ts also a broadcast 
station, has a "Z" type marker, the range station 1s distantly con
trolled and 1t ts a principal teletype station. 

A station listed as "MRLW" ts a medium powered range station, 
using loop antenna and without voice facilities. 

TYPES OF RECEIVING ANTENNA 

Figure 5 on page 60 shows a profile of the signal field over a 
range station with the vertical coordinate 1ndtcat1ng signal volume, 
Some types of receiving antenna can distort that pattern 1nto com
plete unrecogntzeab111ty. The factors tn receiving antenna most 
likely to cause distortion are (1) horizontal elements in the lead
tn or unbalanced horizontal elements in the antenna, (2) too big an 
antenna, or (3) position of the antenna with respect to the struc
ture of the ship. 

In general, the so-called "Vertical Hast" antenna, mounted di
rectly above or below the receiver, with a vertical lead-in ts the 
most accurate for detection of the build up, cone of silence and 
surge over a station. It also does away with the tendency conman to 
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some forms of antenna to "lead" or "pull" on-course signals or cones 
of silence. The signal pattern received by it confonns generally to 
that in Figure 5. The weakness of this type of antenna is its 
limited range. To be vertical it must be short and it does not 
have enough capacity to pick up signals at desirable working dis
tances from the range station. 

MAST ANTENNA 
STREAMLINED DURAL OR STEEL TUBING 

MAST, INSULATED FROM METAL PARTS OF 
AIRCRAFT BY AT LEAST 2 INCHES OF 

BAKELITE, FORMICA, OR EQUIVALENT, OR 
A STREAMLINED WOODEN SPAR ROUTED 

OUT, WITH A LENGTH OF STANDARD 
UNSHIELDED IGNITION CABLE INSERTED. 

VERTICAL MAST ANTENNA 

NOTE: For radio beacon reception a remotely controlled receiver is 
an absolute necessity due to type of antenna construction re
quired. 

A very common but not very satisfactory antenna is the so
called "fin antenna" extending forward and down from the top of the 
vertical fin to a point in the top of the fuselage, preferably di-
rectly above the receiver. This fuselage position pennits a verti-
cal lead-in. This antenna being longer than the vertical mast has 
greater capacity, i.e., signals can be heard at a greater distance 
from the range station. It distorts the build-up, cone of silence 
and surge, but not too badly, the pattern looking like the illustra
tion on the following page. 

With a TL station (vertical radiator) the cone of silence will 
be detected directly above the station; with a loop station, the cone 
will be detected slightly before the station is reached, i.e., it 
tends to lean toward the ship due to the angle of the fin anten
na. The very strong and rapid surge and rapid fading after crossing 
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DIRECTION )I 
OF FLIGHT 

RS 

F 

FIGURE 7: SIGNAL VOLUME PATTERN AS DISTORTED BY FIN ANTENNA 

the station - characteristic or this antenna - are desirable points. 
Its undesirable points are its susceptibility to rain and snow 
static and the tendency to "lead" the beam, i.e. when approaching 
the beam at an angle, an "on-course" signal will be heard before the 
beam is actually reached; thus when you turn into what you think is 
the beam and head toward the station, you frequently find you are 
still in a bi-signal zone. 

A properly installed "balanced T" antenna is satisfactory from 
both the standpoints or accuracy and range or capacity. It is "T" 
shaped, the two horizontal arms being or equal length and mounted 
parallel to the longitudinal axis or the ship. The vertical portion 
or the antenna is aonnected at the exact centre or the horizontal 
and the more nearly it can be kept vertically above or below the 
receiver (the less the horizontal element or the lead-in) the bet
ter. 

~HORIZONTAL POSITIONS OF 
ANTENNA MUST BE EXACil.Y EQUAL 

IN LENGTH. SPACE OR"Ul<:AiE S'rRAIN 
INSULATORS ACCORDINGLY. 

SET TO BE PLACED ~RECTLY UNDER 
ANTENNA LEAD -IN, LEAD·IN WILL 

DROP VERTICALLY TO RECEIVER. 

"BALA.f\JCED T" ANTENNA 
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It is al.most universally true (and particularly with all-metal 
airplanes) that best results are obtained with antennas mounted be-
neath the fuselage. Keeping the elements ot the antenna as nearly 
as possible in exact horizontal and vertical lines and exactly tore 
and att eliminates many ot the causes ot antenna error. Probably 
the worst antenna system (tor radio range work) ever devised is an 
antenna trom wing tip or wing tips to vertical tin. It's too big, 
it has all the possible directional errors and is peculiarly subject 
to rain and snow static. 

By the use ot antenna coupling-transformers the necessity ot 
bringing the lead-in vertically to the receiver is eliminated and 
the receiver may be installed anywhere in the ship that is conven
ient. 

All ships used on airline schedules are now equipped with so
called "anti-static" antennas . These usually take the torm ot an 
electrostatically shielded loop which can be rotated manually trom 
tte cockpit. The electrostatic shielding ot loop antennas tends to 
subdue static ettect but with the loop in the null position (wind
ings at right angles to a line trom ship to radio station) signals 
are at a minimi.nn. By putting the loop in the maximi.nn signal posi
tion (windings parallel to a line trom ship to radio station) the 
static remains subdued but signals are loud and can usually be read 
through, or above, the static. 

Signal strength with loop antennas is attected to a greater ex
tent by the position ot the loop than by distance trom the station; 
a slight change ot loop bearing caused by a slight change in the 
heading ot the ship produces marked changes in signal strength. 
Therefore, in !lying a range by aural means, the loop is used only 
as a means ot overcoming static, since changes in signal voli.nne must 
be largely ignored. 

When the loop is mounted above the tuselage the distinctive 
signal changes normally heard in passing over a range station are 
simply not heard and there is nothing but a very mild and anemic 
build-up to indicate that the station has been crossed - completely 
worthless tor aural beam signals . When mounted under the fuselage 
and rotated to the tore-and-a!t position, static is largely overcome 
and beam signals,usable within 11mtts, are heard, Theoretically, it 
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correctly mounted with respect to the mass ot other metal in the 
airplane, a fairly good build-up, cone ot silence and surge will be 
heard over a TL station; over a loop station there will be no cone 
ot silence, and a very mild surge, Practically, neither is suf
ficiently distinct and as a result airliners normally have a quick 
switching arrangement from loop to "Balanced T" or Fin Antennas. 
Under static conditions, the airline pilot will use the loop until 
he knows he ls getting to within a tew miles ot the range station, 
then, counting on the power ot the signal close to the station to 
penetrate the static he will switch to another antenna which gives 
normal changes ot signal volume. 

The directional characteristics ot the loop are utilized in the 
aural homing device and the radio compass . 
ot loop antennas turn to Chapter IX. 

For a fuller discussion 

To sunonarlze on antennas, the most accurate tor aural range 
signals ls the vertical mast, but it ls distinctly limited in the 
distance it will cover. The most practical tor all purposes ls the 
"Balanced T"; the best all-weather arrangement a rotatable loop plus 
a balanced "T" with a selector switch arrangement enabling the pilot 
to select his antenna instantaneously. 

CONTROL MAY BE MOUNTED DIRECTLY ON INSTRUMENT 
PANEL OR USED WITH SEPARATE PANEL SUPPLIED 

Preferably {ELECTRICAL CABLE 
under MECHANICAL TUNING CABLE 

flooring BAND SWITCH CONTROL CABLE 

A TYPICAL RADIO INSTALLATION, SATISFACTORY FOR 
RADIO BEACON RECEPTION 

US!NG THE RANGES 

Airway Tratt1c Regulations specify that a plane going away from 
a station must stay on the right hand side ot the beam; safety re
quires that it tly well ott the berun and det1n1tely in the bl-signal 
zone because, although planes flying along a beam toward a station 
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are supposed to stay on the right hand side, they are also permitted 
to fly in the beam itself. In Chapter IV, where we actually start 
to ny the beam, we will find h<YtV easy it is to get off on the wrong 
side tor short periods. 

Theoretically, a beam is 3° wide, which means that at 60 miles 
from the station the on-course signal would be approximately three 
miles wide; at six miles from the station it would be approximately 
three-tenths of a mile wide, and half a mile from the station it 
would be 25/1000 of a mile or 132 feet wide. Actually, clean on
course signals are usually narrower than that, which makes a very 
narrow road on which to keep an airplane when the pilot can see only 
instruments. 

When well away from a station and headed toward it,the pilot 
tries to fly in the twilight band - that narrow strip bordering the 
beam itself, where the "N" or "A" bi-signal can just be detected,but 
where identification signals seem to be of exactly equal intensity. 
This band is always narrow. The pilot finds the heading which keeps 
the ship in that band by bracketing or averaging courses and "tining 
down", as detailed in Chapter IV. Where the on-course signal is sev
eral miles wide, he could fly all sorts of headings and still be re
ceiving a clean on-course signal; but where the beam is only a few 
feet wide, as it is near the station, the only sure way that he can 
fly over the station and find the cone ot silence is to get in the 
beam and stay in it. Inasmuch as Chapters IV and VII are principal
ly concerned with passing a test tor an instrument rating, and as 
this test ls normally conducted within a few miles of a range sta
tion, where the beam is narrow, very little mention is made of fly
ing the twilight band, but it is assumed that close to the station 
the pilot will fly in the beam. When you slide off a beam there is 
a definite change of signal, from a "T" to an "A" or an "N". When 
you slide off a twilight band to the bi-signal zone there is only a 
very sli~ht change in the intensity or clarity of the "N" or "A" 
signal . Obviously, tor the close work which must be done near the 
station, the change of signal is more positive and permits quicker 
corrections . 

When flying away from a station, stay to the right of the 
twilight band; fly parallel to the beam but keep well in
to the right hand bl-signal zone. When flying toward a 
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station and a considerable distance away from it, fly in 
the right-hand twilight band. Up close to the station fly 
in the beam. 

Beam Intersections 

We have said that on any one range system there is only one 
point that can be identified as a point - the cone of silence over a 
trananitting station. On a beam we know we are somewhere on a cer
tain line but do not know just where on that line we may be. 

However, beams of different stations intersect, and these in
tersections are just as definite land marks or "fixes" as a highway 
intersection on your road home from the airport. These intersection 
fixes are vital to good navigation and an essential part of the sys
tem of Airway Traffic Control; most of the markers used in Traffic 
Control are beam intersections. 

NEWARK 
341 KC 

FIGURE 8: THE MARTINS CREEK INTER.SECTION 

Fie;ure 8 shows the famous Martins Creek intersection. This is 
the intersection of the southeast leg of the Martins Creek range 
with the west leg of the Newark range, and nearly all traffic at 
Newark from or to the west uses this intersection. 

The Martins Creek range station is located at an emergency 
field fifty miles west of Newark and about five miles north of the 
west leg of the Newark range. The southeast leg of the Martins 
Creek range crosses the west leg of the Newark range forty-three 
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miles west of Newark. If a pilot is corning to Newark from Cleve
l and via Bellefonte, he will be flying the "A" twilight band on the 
south side of the west leg of the Newark range. If he has two re-
ceivers, as airline ships have, he tunes one receiver to Newark 
(341 kc) and flies according to the signals received from Newark, 
t~ning the other receiver to the Martins Creek frequency, 320 kc. 
At first, he will be in an "A" quadrant of the Martins Creek range; 
then he will cross the southwest leg and enter the south "N" quad
rant of Martins Creek. Soon he begins to pick up the bi-signal 
bordering the southeast leg, and then the southeast leg itself. He 
is then at the Martins Creek intersection (marked X) and knows his 
position definitely. 

If he has only one receiver, he establishes the gyro heading 
necessary to stay in the "A" twilight band of the Newark range and 
holds that heading, then tunes his receiver to the Martins Creek 
frequency of 320 kc. He will keep tuning back and forth from 
Martins Creek to Newark so as to check his course and stay in the 
."A" twilight band of Newark. When he begins to get close to the 
southeast leg of Martins Creek he will leave his receiver tuned to 
Martins Creek until he crosses the southeast leg. He has then def
initely located the intersection and accurately determined his posi
tion. 

CONTROL PANEL OF A POPULAR AIRCRAFT RANGE 
AND C0!1!1UNICATIONS RECEIVER 
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CHAPl'ER IV 

ELEMENTARY RADIO RANGE FLYING 

Flying a Beam 

Flying a beam on instruments requires accurate course flying 
plus good head work - mostly the latter. Accurate instrument flying 
is taken for granted. In contact flying you correct a course by 
land marks; in beam flying you correct a course by "A", "N" and "on
course" signals. It is essential that you be quick to detect the 
faintest whisper of an "A" or "N" signal if sliding off a beam; that 
you be ~ to change course to one which will definitely bring you 
back to the beam; that you h2!£ that course (do not keep turning) 
until you actually pick up the beam itself; and that you be just as 
quick to change this approach course when (but not until) you have 
entered the on-course signal. 

With a gyro you can, by bracketing the beam (splitting the dif
ference between courses that bring you back to the beam and those 
that pull you off it), quickly find exactly where the beam lies on 
your particular gyro, regardless of drift, compass errors, errors in 
setting the gyro, or misalignment of the beam. Having found that 
course, limit your correction to a maximum of 10°, with a normal 
correction of 5° or even less as you get close to the station and 
have the heading well established. 

For example, assume you are approaching the range station at 
Newark and that you have picked up the southwest leg, which bears 
53° magnetic toward the station. The "N" quadrant will be on your 
right, the "A" quadrant on your left. Asstrrne that there is a fairly 
brisk northwest breeze (cross wind) but that you have no idea of the 
force or direction of this wind. 

You would first try flying a heading of 53° and of course the 
wind would drift you off the beam into the "N" bi-signal zone on the 
right. Immediately you know two things: (1) that the wind is from 
your left and (2) that if you get off the beam to the left (on the 
"A" side) a heading of 53° will definitely bring you back to the 
beam from the left, because that heading took you off the beam to 
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the right. Of course you don't lalow how fast it will bring you back 
to the beam, so it ts very necessary to make your correction (turn 
to 53°) quickly tf you do slide off on the left. Obviously you want 
to get back to the beam quickly and just as obviously the less turn
ing you have to do after you get back to the beam the better chance 
you have to stay on the beam. Which brings back the fundamentals of 
starting your correction quickly, taking a course that will defin
itely bring you back to the beam, and changing course to stay on the 
beam as ~ as you get back to tt. 

Well, where were we? You got on the beam, tried G3° and slid 
off to the right. You don't lalow how strong the wind is, but a drift 
of 30° would be a lot, so take approximately a 30° bite at the beam 
- a heading which you feel sure will bring you back. Quickly turn 
to a heading of about 20° (53° minus 30°) a course that will defin
itely bring you back to the beam - and hold that heading until you 
do get back to the beam. 

Knowing the wind is on your left and that 53° will not keep you 
on the beam,approxtmately split the difference and change to a head
ing of, say, 30° as soon as you enter the clean on-course. But as
S\.Blle the drift is not that strong (53° minus 30° =a drift of 23°); 
you quickly slide off the beam to the left into the "A" b1-s1gnal 
zone. 

And now you know some more things: (1) that any time you slide 
off the beam tnto the "N" zone on the right, a heading of 30° will 
bring you back to the beam (because it caused you to slide off tnto 
the "A" bt-stgnal zone on your left); (2) that the beam lies between 
30° and 53° on your particular gyro and that you do not need to head 
the ship outside these headings. You have thus put limiting headings 
on any corrections, beyond which you need not turn. 

But on your heading of 30° you ran off the beam to the left, so 
you immediately turn to your corrective heading of 53° for the "A" 
quadrant, hold that heading, and soon you are back to the beam. 

Since 30° took you to the left and 53° to the right, split the 
difference and try 40°. This time you don't run off the beam so 
quickly, but ass\.Blle that you again run off the beam to the left or 
"A" side. 

82 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



ELEMENTARY RADIO RANGE FLYING 

l:t 

A 

N 

( e HEADING CHANGES HERE) 

BRACKETING THE BEAM 
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You have now in one zig and two zags contracted your limits 
from 20° and 53° to 40° and 53°, which means that the beam lies be
tween these headings and that if you run off and are Sl!.!£! to start 
your correction you do not have to turn beyond these headings. Thus 
you save yourself a lot of zig zagging on the beam, and hold to 
courses which, when you get back to the beam, regardless of how nar
row it is, pennlt you to stay on the beam, because they require such 
short, easy turns. 

But this heading of 40° took you off into the "A" again, so you 
immediately go back to your "A" corrective heading which ls still 
53°. Back to the beam again, split the difference and this time try 
a heading of 46° in order to stay on the beam. Turn to this heading 
as soon as you pick up the clean on-course signal. 

Let's say it's an extreme case and that this time 46° takes you 
off to the "N" (right) side, You have now contracted your heading 
limits from 40° and 53° to 40° and 46° - and if you are quick to 
~corrections, no matter how narrow the beam nor how close you 
may be to the station when you slide off, you need not turn beyond 
these limits. 

Your limit of heading to correct for the "N" side ls now 40° 
and your limit of corrective heading for the "A" side ls 46°. You 
are now on the "N" side, so quickly change to a heading of 40°. You 
soon get back to the beam, and again split the difference (between 
40° and 46° this time) and try 43°. Even if 43° ls not quite right, 
you will be a long time sliding off, for the beam itself ls 3° wide 
(1-1/2° each side of its centre). 

So in two zlgs and two zags, requiring not more than two min
utes, you have established narrow working limits within which to 
hold your heading corrections if and when you n<rt'I slide off the 
beam. As you progress toward the station you may find that you want 
to favor 42° or 44° rather than 43° but practically it makes little 
difference,for any tlme you slide off a beam you will want to change 
your heading at least 5° to be sure of getting back. Having the 
beam well determined on your gyro you don't want to change heading 
more than that, for you want to be sure of staying on the beam when 
you do get back. For by staying on the beam and only by staying on 
it can you be sure of getting the cone of silence. 
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Without a gyro the same thing must be done as closely as pos
sible with a turn indicator and a compass. Get the habit of observ
ing the compass at such times as the ship is steady enough to be
lieve the compass; make your corrections by timing your turns on the 
turn indicator and checking against the com!Xiss after it has had 
time to stop swinging. 

This is easier said than done. As you already know from your 
experience with a compass, it is impossible to use the compass de
pendably in rough air - or with rough flying. But the better you 
can do it - the better you have mastered your compass errors - the 
more closely you will limit your corrections and the more competent
ly you will fly a beam. 

Without using the gyro - and you cannot use it in your test and 
are simply fooling yourself if you use it in your practice - you 
must place your reliance on your turn indicator, your sense of tim
ing and your ears, checking with your compass when possible. If you 
slide off the beam to the right, inmtediately put that turn indicator 
to the left. Never put it beyond the 15° bank position, however, and 
as you begin to get lined up on the beam after a couple of zigs and 
a zag, only put it over about half that far. Then you can get some 
degree of help from your compass. 

Remember that if you want to turn 30°, holding the turn indica
tor in the 15° bank position for 10 seconds will turn you 30°. Then 
straighten up and keep the turn indicator centered {do not change 
your heading) until you have some ~ {hitting the beam on-course 
or sliding off the beam) for changing your heading. 

As you get better lined up on the beam· you will be turning 5° 
to 10° instead of 30°. Put your turn indicator over about half as 
far as tor a 15° bank and hold it there 5 seconds tor a 5° change or 
heading, 10 seconds tor a 10° change. When you have definitely 
changed your heading, straighten your turn indicator and keep it 
straight - don •t keep on turning. In this very shallow bank your 
compass errors will be comparatively small, but more important, you 
will return to the beam at such an easy angle and bank that you can 
change quickly to a heading that will keep you on it. 

If you ~ that you are approaching the beam at a considerable 
angle, you have one signal, and only one, to tell you when to begin 
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to ease off a bit on your approach heading. That signal is hitting 
the twilight band - the narrow band bordering the clean on-course 
signal in which you can just distinguish the "A" or "N" signal above 
the on-course monotone but in which the two identification signals 
seem to be of equal intensity. 

Get the habit of keeping the volume control turned down to a 
consistent and fairly low level. 

Volume Control 

The proper use of volume control is essential in range flying. 
When flying on a beam, it is necessary that the volume be kept as 
low as practically possible which means just loud enough to detect 
with reasonable plainness changes of signal from "T" to twilight and 
from twilight to bi-signal zone. By keeping the volume unifonnly 
low, eccentric signals such as weak multiple courses, false signals 
due to unequal adjustments within the transmitter, key clicks, etc., 
are often completely unheard and the beam itself seems to be wid
ened; but the most important result is the definite detection of the 
excessive build-up just before reaching the station, a clean cone of 
silence and a distinct surge, with just as distinct and rapid fading 
inunediately after passing the station. On the other hand, in work
ing an orientation problem where it is necessary to detect an in
crease or decrease in signal strength it is desirable to have the 
volume so low that the signals can just be heard, 

It should be apparent that when flying a beam aurally, the vol
ume control must be adjusted more or less frequently to hold the de
sired level of signal volume and that the frequency with which these 
adjustments are made is a clue to distance from the station. Close 
to the station a small change in distance from the station pro
duces a large change in signal volume; at considerable distance from 
the station large changes in distance are required to produce even 
small changes in signal volume. 

The automatic volume control should ~ be used in flying a 
range aurally. If your receiver is equipped with automatic volume 
control be ~ it is "off" and that for aural range flying you are 
controlling your volume manually. You must be aware of the changes 
in volume, for they are vital in aural flying of a range. 
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In this connection it should be noted that many receivers are 
equipped with a device that automatically tunes the receiver to 278 
kc (airport control tower frequency) by merely !lipping a switch. 
Usually this device also automatically cuts in automatic volume con
trol. Thus, it you are !lying a range which is transmitted on 278 
kc, be certain to tune manually tor this frequency in the same way 
you would tune tor any other range; don't use the "airport switch" 
tor anything but receiving voice connnunication trom airport control 
towers. 

The same principle holds true when using a radio compass. All 
conventional type radio compasses embody automatic volume control as 
one means or controlling the sensitivity or the compass needle in
dication. It you are !lying a beam using the aural signals from the 
compass receiver in connection with the visual signals, turn the 
automatic volume control to "Ott" and control the volume manually. 
(This will make it necessary to control needle sensitivity by means 
ot the manual needle sensitivity control which is also embodied in 
the compass.) It you are only using the aural signals as a check on 
the visual (as tor drift) and are thus depending principally on the 
right and left indications or the compass needle, the automatic vol
ume control must still be "ott", tor the A.V.C. used in radio com
passes is ot such speed and amplitude that it will bring the weaker 
signals ("A" in an "N" bi-signal zone) up to the same level as the 
stronger, thus producing an aural "on-course" signal even when well 
out in the bi-signal zone. By agreement among manufacturers, all 
radio compasses are now so designed that when set to operate as 
aural receivers only (visual indications inoperative) the automatic 
volume control is automatically turned ott. 

Be sure your volume control operates smoothly and quietly. It 
it is rough in adjustment or "noisy" when turned, have it replaced 
promptly,tor it is impossible to do a decent job or radio range !ly
ing without a good volume control. It must be a "tine taper" con
trol; that is, it must require considerable movement ot the control 
knob to produce small changes in volume. This is particularly true 
near the low output end. There is nothing worse than a volume con
trol which cannot be adjusted to hold a normal signal level when 
near the station. The slightest movement ot such a control either 
cuts out the signal entirely or blasts your ears. 
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Never adjust volume control during the period that identifica
tion signals are being received. In the first place, you should al
ways be comparing the relative strengths or the two signals at that 
time, and in the second, a much better control or volume is had by . 
adjusting it to the beam signals rather than to the identification 
signals. 

One freak result with high volume can be disastrous. If the 
receiver is not tuned accurately and the volume is high, you will 
frequently hear nothing but "N's" in an "A" quadrant, nothing but 
"A's" in an "N" quadrant. Keep your volume down to a normal level, 
and be sure to tune accurately. To tune accurately keep the volum~ 
low and set the dial at the point which produces the strongest and 
most distinct signal. 

Common Errors in Range Flying 

The most frequent causes or trouble are: 

(1) When orr the beam, continuing to turn toward it instead or 
simply making a change or course to one which will defin
itely bring you back to the beam and then holding that 
course without further turning. 

If TURN INDICATOR IS KEPT 
IN THIS POSITION THE BEAM 

Will BE CROSSED AT SUCH AN 
ANGLE IT WILL BE IMPOSSIBLE 

TO STAY ON IT. 

WRONG 

TURN INDICATOR 
CENTERED 

INCORRECT AND CORRECT METHODS OF USING THE 
TURN INDICATOR WHEN LINING UP ON A BEAM 

(2) Trying to sneak up on a beam; straightening out from an ap
proach course tor the beam before actually picking up the 
on-course signal. Remember the old putting adage in golf -
"Never up, never in". 
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. ··-------..J.. ,.---------····------- --tf..,_ ___,.--
r-------x:-----· _______ * ___ . 

·x·sTARTING TO CHANGE APPROACH HEADING BEFORE 
ACTUALLY REACHING A CLEAR ON-COURSE SIGNAL 

A FREQUENT CAUSE OF TROUBLE IN RANGE FLYING -
I SNEAKING UP I ON THE BEAI1 

//~ 

(3) Failure to utilize the relative intensities of the identi
fication signals. The only time that you can tell that you 
are really close to the actual beam, although not quite on 
it, is when both identification signals sound of equal in
tensity, but you can just distinguish the "A" or "N" above 
the monotone background, 

(4) Over-controlling near the station. As the berun nears the 
station, both it and the bi-signal zone become very narrow, 
so that you are either in the berun itself or getting a very 
broad "A" or "N". Do not let this broad signal tool you 
into making a violent correction. Fifty feet off the beam, 
five miles out, is hardly noticeable in signal; fifty feet 
ott the beam when close to the station will take you almost 
out ot the bi-signal zone. But fifty feet is still fifty 
feet and it takes only a little change of course to get 
back to the beam. Don't be a sucker close to the station. 
or all times to "take it easy" this is the time. 

(5) Failure to consider drift. You must have an accurate men
tal picture ot the range and your position with respect to 
it, both of which you must keep actively in mind at all 
times. Keep in mind also the force and direction or the 
wind at your altitude and figure approximately what effect 
this drift has on the course you are flying. 

It will be observed that these errors are almost entirely due 
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to poor head work. Assuming a reasonable ability to fly accurately 
by 1nstrtnnents, it ls apparent that beam flying ls done mostly with 
the head, 

Crossing the Cone of Silence 

If you stay in the beam, you will cross the cone of silence, 
recognized and confirmed by (1) a rapidly increasing rate of signal 
build-up just before the station, (2) a sudden and complete fading 
out of all signals directly over the station, (3) a very strong sig
nal (surge) inmedlately thereafter followed by (4) a very quick and 
rapid fading of signals; 

Primary Training - Stage 11 

Let me particularly caution you that it ls a waste of time, en
ergy, gasoline and nerves to try to fly a beam until you can do a 
reasonably smooth and accurate job of flying by 1nstrtnnents. The 1n
strtnnent part of flying a beam consists of being able to fly a 
course steadily and accurately and of being able to put and hold the 
ship exactly where you want it, easily and smoothly and without any 
fuss. In flying a beam your brain ls occupied with listening to 
signals and interpreting those signals in terms of your position 
with respect to the range in general and some one beam in particu
lar. Your brain ls busy visualizing your position on the range and 
in deciding what must be done about it. If your brain says turn 15° 
to the left, your instrument flying ability must be equal to turning 
15° to the left, no more and no less, directly and without any fuss, 
and holding that new heading. If you have not yet acquired this 
ability, you are not ready for this training stage, but should keep 
up your purely 1nstr1unent flying practice (Chapter II) until you can 
do it. I know there ls a big temptation to jump into beam flying, 
but you'll be farther along in the long run, and will master your 
beam flying with less total hours under the hood, if you will keep 
off the beam until you're ready for it. 

As the first step in learning to fly a range on instruments, 
pick out a pair of beams on your range which are as nearly recipro
cal as possible, and at first, try to pick them with as little drift 
as possible. Then go up to a comfortable altitude, say 2500 feet, 
and practice flying up and down this pair of beams, over the station 
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and through the cone ot silence. In other words, i! you have a pair 
of beams which lie approximately northeast and southwest from the 
station, and particularly i! you have northeast or southwest winds, 
get on one ot these beams, headed toward the station. Fly it until 
you are over the station and recognize the dead spot; then go on out 
the opposite beam approximately five minutes, being just as careful 
to stay directly on the beam going out as on coming in toward the 
station. Turn around and come back over the station and out the op
posite beam, repeating the process until you can stay on the beam 
without a lot o! zigzagging and can consistently hit the target, 
which is the cone o! silence over the static~. It may help at first 
to do this with the hood open. 

It is most important that in this stage you acquire the habit 
ot using your compass to assist in limiting your correction of head
ings. For example, i! your beam has a designed bearing of 50° to
ward the station and the "N" is on the right as you· go in, and you 
get over on the "N" side, obviously you must reach a course north ot 
so0 to get back to the bear.i. It you are quick to detect tlle first 
whisper of the "N", a comparatively small angle north o! 50° will 
bring you back to the beam in a short time, but i! you are slow to 
hear the "N" and get well of! the beam, a bigger angle to the beam 
must be taken. Use your compass to control this corrective heading; 
pick a heading that will definitely bring you back. Keep your com
pass errors in mind. 

Suppose in the above case you pick a heading of 40° and that it 
brings you back to the beam. You must be just as alert, on getting 
back to tlle beam proper, to turn to the right, !or i! you hold this 
40° heading, it will simply take you through the beam and out the 
other side. Make your corrections easily and smoothly, but start 
them promptly; make them sure and you will not have to make violent 
corrections. When you make violent corrections, your compass will 
swing so violently as to be ot no value to you. 

Remember that as you get close to the station the beam and its 
bi-signal zone are very narrow; a little distance off course will 
take you from the beam through the bi-signal zone and into a broad 
oft-course signal. Do not let this tool you into a violent correc
t ion; use your head, use your compass, be sure ot your corr'ective 
heading, and take it easy. Over-controlling near the station is a 
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sure way to miss the station. 

PROCEDURE TURNS 

There are two methods of llBking procedure turns (reversing di
rection on a beam) which work almost equally well. 

The 45° Method 

In this ~urn-around on a beam simply pull off the beam by turn
ing 45° to either the left or right from the heading that kept you 
on the beam. Hold the new heading from 45 seconds to a minute and a 
half; then do a normal 180° turn (15° bank for 60 seconds) away from 
the station. Then straighten up and hold the new heading. You are 
now heading back toward the beam, approaching it at an angle of 45°. 
Hold that heading until you reach the twilight band; then inunediate
ly do a 45° turn (15° bank for 15 seconds) toward the station, 
straighten up, and you will be on the beam headed toward the sta
tion, or so close to the beam that a small correction will bring you 
back to it, without zigzagging. 

AFTER 45 SECONOS _ /,.. - -'}/. 
TO l~ MINUTES -----..,, 

START NORMAL TURN / 1 
/ I 

/ I 
-1( I 

ALTER HEADING // / 
45° / // 

\ // / START 45° 

=:::::::::3-eE::~;::> / ~ _.- ~TURN::. 270° 

HEADING/ ~EADl~G 
90• 270 

90·-

PROCEDURE TURNS - Th'"E 45° METHOD 

The 30° Method 

This method is based on the fact that in a normal (two minute 
turn) the turning radius of an airplane is proportional to its air 
speed - not its size. The turning radius of a Douglas DC-3 or a 
Beechcraft in a two-minute turn at 120 m.p.h. is the same. In a two 
minute turn at 120 m.p.h. any airplane describes a circle whose cir
cumference ls 4 miles . The radius of a circle having a circumfer
ence of 4 miles is 5/8 of a mile. If the airplane makes a speed of 
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150 m.p.h. the circumtereRce is 5 miles and the radius 8/10 of a 
mile. 

If we deflect an airplane 30° from a course and hold the de
flection for 1 minute and 15 seconds, the plane will then be later
ally off the old course (extended) a distance equal to the diameter 
of its normal turn at that speed. For example: 

-...... ..... 
' ' \ 

\ -.... ,, \ 

! \ + I+ I I I 
I I 
I / 
I / ,,/ 
I / _,, 

---,A~ -----------1;:-~::::.-----J-;-::::----A-;-

THE TURNING RADIUS OF AN AIRPLANE 
IS PROPORTIONAL TO ITS AIR SPEED 

Let A-A1 represent the projection of a course, the line A-B the dis
tance traveled in 1-1/4 minutes at 120 m.p.h. The chord B-B1 will 
then be the diameter of a normal turn at 120 m.p.h. If the distance 
A-C represents the distance traveled in 1-1/4 minutes at 150 m.p.h. 
the chord c-c1 will be the diameter of a normal turn at 150 m.p.h. 

So to turn around when definitely in the on-course zone you can 
turn (usually down wind) 30° from the course of the beam for one 
minute and 15 seconds (one minute if there is an appreciable drift 
and you are down wind) and complete the tum-around by making a nor
mal (two minute) turn toward the beam. 

If accurately ma.de, you will be headed directly toward the 
radio station when you get back into the beam; in any event you will 
be so close to the beam on completion of the turn that it will re
quire a minimum of zigzagging to establish the course of the beam, 
stay on it and pass over the station. 

This has one advantage over the 45° method; if correctly made 
you are completing your turn as you get back to the beam and have no 
further turning or only a very slight turn to make on reaching the 
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beam. The disadvantages are (1) the necessity for accurate timing 
and for starting the turn at the correct spot and (2) if inaccurate
ly made due to incorrect turn or drift, the turn will have to be 
slowed up (if short of the beam) or tightened up (if too close to 
the beam) and it's hard to know how much. In the 45° method you 
know exactly how much turn you have to make as soon as you return 
to the twilight zone. The 45° method is preferred. 

AFTER 1~ MINUTES 
START NORMAL TURN 

HEADING 120·--\i. ,,,.- -- '- "-/..., \ 
START TIMING / \ 

HEADING HERE / / I 

90'\ £ ...... /// / 
=:=:::::::=:Jd.:- ... / ~ --- - - 270° - 90° -

"'T" ~HEADING 270° 

PROCEDURE TURNS - THE 300 METHOD 

Primary Training - Stage 12 

While working on Stage 11, practice a procedure turn at each 
turn around, It will help to complete the turn around ending out of 
a southerly heading, if practicable. Comi;:ass errors seem a little 
less confusing coming out of south. 

Having progressed so that you can get the cone of silence fair
ly consistently at 2500 feet - at which altitude the cone is compar
atively large and distinct - come down to 1000 feet and continue the 
practice. 

As soon as you have begun to master this, instead of going out 
the opposite beam after crossing the station, practice turning and 
going out one of the other beams, or even turning around and going 
back out the beam on which you reached the station. 

feet. 
Get the habit of holding your altitude within plus or minus 100 

ORIENTATION 

If you are flying within a range system but your direction from 
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the range station is unknown, you must work out an orientation prob
lem to determine this direction. You may be receiving an "N" sig
nal, but you cannot tell from that tact alone in which o! the two 
"N" quadrants you are !lying. A positive procedure is necessary, 
which will not only positively give your location, but assure your 
arrival at the airport in the minimum ot time. 

There are several ways in which this can be done, but one meth
od is standard practice because it will work on any range. Other 
methods are useful and usable under certain limited conditions. Two 
ot these methods involve !lying a definite course long enough to 
determine whether signals are increasing or decreasing in volume, in 
other words, whether the airplane is getting closer to or farther 
away from the range station. The general principles o! range func
tioning applying to this problem are covered in Chapter III. 

Quadrant Average Bisector 

Two ot the systems ot orientation to be described require the 
determination o! the average bisector o! each pair o! quadrants. 
They are very easily determined; simply divide by two the sum ot the 
magnetic bearings o! the two beams bordering each quadrant; this 
will give you the bisector tor each quadrant separately; then aver
age the two tor the "N" quadrants and the two for the "A" quadrants. 
The tact that the average bisectors will always be exactly 90° a
part offers an easy check on the accuracy o! your calculation. 

Remember that on all radio ranges the published bearings o! 
each beam are those taken toward the transmitter - the in-bound 
bearing o! each beam. It will frequently be necessary to use the 
reciprocal bearing o! the bisector of one quadrant in order to de
termine the average. Take the Newark range for example. 

The bisector ot the north "N" is 238° plus 108° (bearings ot 
the beams boi.mding the quadrant) divided by two, or 173°. The bi
sector o! the south "N" is 275° plus 53°, divided by two, or 164°. 
Averaging these two produces a result of 168.5°. Orientation 
courses are always figured to the nearest 5 or 10°, so the average 
bisector of the "N" quadrants at Newark is considered as 170°. 

For orientation, 350° (reciprocal of 170°) would do just as 
well,but there are several reasons why 170° is chosen as the course. 
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N 

1os· 

A 

THE NEWARK RANGE 

First, the southwest leg (53° toward the transmitter) ls the leg 
used in making the final approach to the station for a low approach 
to the field, and a course of 170° takes us either toward that beam 
or farther out on it, either of which is more desirable than a 
course of 350°, which would take us away from it. Second, the ob
struction heights are lowest in the south "N" quadrant and 170° 
takes us toward this quadrant. Third, for instrument rating test 
purposes, where the job must be done with a magnetic compass instead 
of a gyro, it ls much easier to fly by compass on a southerly head
ing than on a northerly one. Although there ls the same amount of 
compass error on a southerly heading as on a northerly, the fact 
that the error on the northerly heading is 1n reverse direction from 
the turn ls an added complication and very confusing to a pilot. 

The boundaries of the east "A" quadrant are beams bearing 238° 
and 275°, so the bisector is 238 plus 275 divided by two, or 256.5°. 
The boundaries of the west "A" quadrant are 108° and 53°; 108 plus 
53 divided by two gives a bisector of 80.5°, the reciprocal of which 
ls 260.5°. 

Averaging 256.5° for the east and 260.5° for the west quadrant 
gives an average bisector of 258.5° which we will call 260° for or
ientation course purposes. 
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We can use either 2eo0 or its reciprocal, 80°, but in this case 
we select 260° because it brings us nearer to the final approach 
(southwest) leg and because it takes us away from the high buildings 
in New York City - all or which lie in the east "A" quadrant. 

It will be noted that the actual average bisectors (168.5° and 
258.5°) are exactly 90° apart as are the 170° and 260° courses which 
we elect to use. 

The Build-Up, Fade-Out System ot Quadrant Identification 

The build-up, fade-out system or quadrant orientation involves 
the detection or an increase or decrease in signal volume; it is the 
standard system in use today because it will work on any range sys
tem, no matter how distorted the pattern or the range may be. The 
pilot merely flies the average bisector course or the quadrants the 
signal or which he is receiving. Ir the signal increases in volume, 
he is getting closer to the station and must be in the "closed" 
quadrant; if the signal decreases in volume, he is getting farther 
away from the station and must be in the "open" quadrant. 

"Closed quadrants" are those in which flying the average bi
sector brings the airplane nearer the station; open quadrants those 

QUADRANT IDmI'IFICATION: THE AVERAGE BISECTOR SYSTEfl 
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in which flying the average bisector takes the airplane farther away 
from the station. 

Thus at Newark if you ny 170° in an "N" quadrant and your vol
ume increases, you are getting closer to the station and must,there
fore, be in the closed (north) quadrant; if your volume decreases, 
you are getting farther away from the station and must be in the 
open (south) quadrant. If you are getting an "A" and turn to a 
course of 260° and your signal voltune increases, you are getting 
closer to the station and must be in the closed (east) "A" quadrant; 
if it decreases you are flying away from the station and must be in 
the open (west) "A" quadrant. 

In certain positions within a range system it takes a long time 
to detect surely a change of signal strength and it is frequently 
possible, by observing the changes in relative intensities of the 
station identification signals, to accomplish the same result in a 
very short time. Thus 1f a pilot is getting an "N" signal, but does 
not know in which "N" quadrant he is flying, he may be unable to ob
serve that there is a monotone background to the "N" but still very 
faintly hear that second ("A" antenna) identification signal. If he 
then flies the regular orientation course for the "N" quadrants, and 
the second identification signal fades, he knows he is going fart;1er 
away from the "A" signal field. Going away from the "A" field or 
quadrant on that course is equivalent to going away from the sta
tion. His quadrant ls identified, and in much less time than it 

N 

A 

------------
--------~------

------.__ ' 
N 

----\::.---
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QUADRANT IDENTIFICATION: RELATIVE INTENSITY OF THE 
IDENTIFICATION SIGNALS 
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would have been possible for him to detect a fading or the signal 
strength itself. This fading or the second identification signal 
was due to change or position with respect to signal field bound
aries rather than change or distance from the range station. 

For example, let us say that the pilot was at "X", just south 
or the east beam or the Newark range, but pretty well out over Long 
Island. He would be getting an "N", but in flying the course for 
"N" quadrant identification he would have to fly a long way on that 
course before becoming sufficiently farther away from the station to 
detect a change or signal strength due entirely to increased dis
tance from the range station. In this diagram the solid wedge re
presents the beam .itself, the dotted lines the boundaries or the bi
signal 2'!lne. Within the bi-signal zone the pilot will hear the 
identification signals "NK" as broadcast from each antenna,but if he 
passes out or the bi-signal zone completely, he will hear them from 
only one antenna, in this case from the "N". But he does not need to 
fly that rar,for the relative intensity or the identification signal 
from the "A" antenna, as compared with that from the "N" antenna, 
decreases very rapidly as he flies from "X", or from the beam, to
ward the boundary of the bi-signal zone. Thus he knows that in fly
ing 170° he is getting farther away from an "A" quadrant. Flying a 
course or 170° and going away from an "A" quadrant means that he 
must be in the south "N" quadrant. 

The ability to take advantage or these changes in relative 
strengths or identification signals will not only save you many 
weary hours under a hood but is one of the marks or a good instru
ment pilot. And it is one or the things that inspectors particular
ly look ror in giving Instrument Rating tests. 

Primary Training - Stage 13 

(NOTE: If this stage is to be practiced in an airplane, it should 
be combined with Stage 14 and both practiced at the same time; if 
this stage is to be practiced in a Link Trainer, it will probably be 
simpler to practice a few problems in quadrant identification alone 
before combining with Stage 14.) 

On the ground,work out the orientation courses for your partic
ular range and in the air have the safety pilot lose you. Then when 
he turns on the radio, turn 1nunediately to the appropriate or1enta-

99 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



I N S T R U M E N T A N D R A D I 0 F L Y I N G 

tion course for "A" or "N" quadrants. These orientation courses are 
magnetic compass tracks. Form the habit of modifying your heading 
for drift so that your actual track will approximate the course. 
It will speed up your solution of the problem. 

These are the things to do: First - Turn up the volume 
fairly high; determine definitely whether you are hearing 
an "A" or "N" signal; turn immediately to the appropriate 
orientat'ion course. Second - Listen intently while you 
are turning, to determine whether you can or cannot hear 
both sets of identification signals. Your whole scheme 
of orientation depends on the answer to this question. 

Situation (a): If you can distinguish both sets of identifica
tion signals, leave the volume fairly high, at least high enough so 
that you can still hear the weaker set, and continue flying your or-
1entat1on course. Very shortly 1t will be apparent that the weaker 
identification signals are changing their relative intensity as com
pared with the stronger. If they get even weaker, you are going 
away from the other quadrant. For that to happen on the course you 
are flying can mean only ~ ~ - that you are in the open quad
rant and going farther away from the range station. If, on the 
other hand, the weaker identification signal begins to get stronger 
with respect to the louder identification signal, it can mean only 
~thing considering the course you are flying: 1.e., that you are 
getting closer to the field of the opposite signal - that you are 
getting closer to the station and that therefore you are in the 
closed quadrant . In either event, the quadrant ls very definitely 
identified, Tell the safety pilot what quadrant you are in. 

If you are 1n an open quadrant (going away from the station) 
make a 180° turn; 1f you are 1n a closed quadrant (getting closer to 
the station) hold your course. 

Situation (b): If you can hear only one 1dent1ficat1on signal, 
turn down the volume until tile range signal ls barely audible, hold 
your course, and leave the volume alone until you are positive that 
the signal has increased or decreased, or that you have arrived at a 
beam. If the signal fades, turn up the volume to determine whether 
you can hear both 1dent1ficat1on signals. If you can, your fade ls 
probably due to approaching a beam. 
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Many pilots have the mistaken idea that signals build-up - in
crease in volume - as a beam is approached. The reverse is true. 
Beams are in the center of overlap areas of signal fields and these 
overlap areas are close to the edge of the field - where the signals 
from each antenna are diminishing to nothing. Therefore signals get 
weaker as a beam is approached and the fading may be mistaken for an 
open quadrant fade-out. It is ~. before finally deciding a sig
nal is getting weaker, that you turn up your volume control. If the 
fade is due to approaching a beam, you will then be able to hear 
both sets of identification signals although when you started your 
problem you could hear only one. If you hear both, when before you 
heard only one, obviously you are getting closer to a beam, and on 
your orientation course must therefore be getting closer to the sta
tion. You are therefore in the closed quadrant, and the quadrant is 
identified. 

But if the signal fades definitely and turning up the volume 
indicates, since you still hear only one identification signal, that 
you are in an open quadrant (going away from the station), the quad
rant ls identified. Tell the instructor the quadrant you are in. 
Make a 180° turn and hold that course until you pick up a definite 
bi-signal, or can tell from your volume that you are getting within 
reasonable distance of the station. 

If the signal increases, or having previously heard only one 
signal you begin to hear both,you then know that you are in a closed 
quadrant (approaching the station). The quadrant is identified. 
Tell the safety pilot which quadrant you are in. Hold accurate al
titude during this orientation. 

Orientation (Beam Identification) 

Having identified your quadrant as above, the next step is to 
find and identify a beam. In all the examples ln the section above, 
we left the airplane headed toward the station or toward a beam. 

If you continue the course you are flying (the orientation 
course for that quadrant, or lts reciprocal) you will run into a 
beam - or once in a blue moon fly directly over the station. Flying 
a definite course in a known quadrant, there are only two beams that 
you can possibly hit - the two beams which bound that quadrant. 
Have them actively in mind; 1.e. visualize the range system, the 
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quadrant in which you know yourself to be flying and the course 
which you are flying. This mental picture is vital because, for 
this next step, you must use your head. All I can do 1s lay down 
the method and principles; your own good judgment must tell you 
which to apply. 

(1) The OUtbound Course Method 

If, by the fact that you must adjust your volume control very 
frequently to hold a constant volume or that you cross two or more 
beams in rapid succession, you know that you are very close to the 
station, you can fly a course parallel to the outbound compass 
course of the beam on which you wish to make your initial approach 
to the station until you detect a fading of signal. You may cross a 
beam or two in the attElllpt, but when the signal begins to get weaker 
you know that you are flying a short distance to the right or left 
of the beam on which you want to make your initial approach, and 
that you are going away from the station. Then all you have to do 
ts to turn left or right and pick up that particular beam. 

For example, at least for 1nstrtmlent test purposes , the easiest 
beam on which to make your 1n1t1al approach at Newark is the north
east leg, which bears 238° to the station. The outbound course of 
that beam ts 58°. The reason it ts the easiest for 1n1tial (high) 
approach is that you are going to make your final approach from the 
southwest (opposite) leg. Thus 1f you come over the station 1n-
1tially on the northeast leg headed southwest you can proceed out on 
the southwest leg to lose your altitude without having to make an 
extra turn and fish around for the beam. 

Therefore, 1f you definitely ~that you were quite close to 
the station (a mile or so) you would turn to a heading that, allow
ing approximately for drift, wou1d give you a track of 58°. If you 
happened to be in the north "N" or east "A" quadrant, the signal 
would immediately begin to fade; 1f you were in the south "N" or 
west "A", it would at first probably get stronger and then, when you 
had crossed the east leg (if you had been 1n the south "N") or the 
west leg ( 1f you had been 1n the west "A") the signal would soon be
gin to fade and you would know that you were approximately NE of the 
station and flying approximately northeast . 
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BEAM IDENTIFICATION: THE OUTBOUND COURSE METHOD 

As you can see from the diagram, if you are really close to the 
station you might run through as many as three beams while making 
your turn to get on a compass course or 56°. For instance, a ship 
in the north "N" might easily circle right around the station cross
ing the west leg into the west "A", the southwest leg into the south 
"N" and the east leg into the east "A•. Don't let that bother you; 
it just proves that you really were close to the station. Keep right 
on with your plan; get to your course or 56° and hold it until the 
signal definitely fades . Then, if you're getting an "A", turn 
left; if you're getting an "N", turn right, and pretty soon you'll 
pick up a beam. The only beam it can be is the northeast leg. The 
beam is.identified. Tell the instructor which beam it is. 

The deciding factor in this method is that you must be close to 
the station. If you are not, you can waste a lot or time. Practice 
and experience plus thought in the handling of your volume control 
will tell you the proper time to use this method. 

103 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



INSTRUMENT AND RADIO FLYING 

(2) The Parallel Course Method 

This consists in flying a course parallel to the beam bounding 
your quadrant on which you do ~ want to approach the station. Ob
viously flying such a course will cause you to intersect the beam on 
which you !!£ want to approach the station. 

There are only two beams bounding your quadrant and usually one 
has certain advantages over the other in making an initial approach 
over the station. To use our standard example, Newark, assume that 
you are in the north "N" quadrant where you should be flying your 
orientation course of 170°. For reasons discussed in the preceding 
section, the northeast leg at Newark is the best for the initial ap
proach simply because it lines things up a little better for the 
final approach. 
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BEAM IDENTIFICATION: THE PARALLEL COURSE METHOD 

Therefore, if you turn to a ~ of 108° (parallel to the 
other beam) the beam you intercept will be the northeast leg. 

The difficulty with this method is the difference between head
ing and course. In a very wide quadrant such as the "N" quadrants 
at Newark, failure to consider drift can really ball this one up. 
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suppose that you were a long way from the station in the north "N" 
with a good stiff south or southeast or any southerly wind and 
turned to a heading or 108°. You would drift to the left and be a 
long time intercepting the northeast leg. I! on top or that you get 
a little careless and fly a little north or this heading, say east, 
instead or 108°, you'll be all day intercepting the northeast leg. 

This method is definitely not recollllllended. It's a time waster. 
The only time it works at all satisfactorily is when you happen to 
be fairly close to the desired leg wh~n you turn to your parallel 
course; it should never be attempted in a quadrant wider than 90°. 

(3) The 90° Method 

This is really a 'honey' in a narrow quadrant, such as the "A" 
quadrants at Newark which are only 37 and 55° wide. Simply take a 
course toward,and at right angles to,the beam you want to intercept. 
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BEAM IDENTIFICATION: THE 90° METHOD 

For instance, in the east "A" at Newark simply turn toward the 
northeast leg and fly a course at right angles to it (238° + 90° = 
328°). The only beam you can intercept is the northeast leg. As 
soon as you intercept it, inform the safety pilot which leg you have 
reached. 
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Obviously, it will !121 work in a quadrant of more than 90° be
cause the course at right angles to the desired beam could intercept 
either boundary beam. For example, in the north "N" a course at 
right angles to the northeast leg would be 148°, b..lt such a heading 
has a 1 to 2 chance of intercepting the west leg. The purpose of 
these methods is to select the method which (1) will identify the 
beam with least possibility of error, and (2) do it in the shortest 
space of time. 

(4) Identification by Sound and Bearing 

We have not yet discussed any ~ way of finding and identify
ing a beam when coming out of a quadrant wider than 90°; No. 1 works 
only if we are very close to the station, No. 2 is a very poor meth
od for wide quadrants and No, 3 can give the wrong answer very 
easily except in narrow quadrants. 

In the wide quadrant you are flying the orientation course (if 
a closed quadrant) or its reciprocal {if an open quadrant). You 
have your mental picture and you can see that by continuing that 
course you must intercept the station itself (possible but unlikely) 
or one of two beams, but you have no way of knowing which. One of 
the two beams is more desirable for an initial approach than the 
other, and there is a 50-50 chance that by continuing your course 
you will intercept that beam. 

All right, continue your course and~ that the beam you 
actually do intercept is the desired beam. If you definitely knew 
that the beam you are about to intercept was the desired beam, as 
you got close to it, you v.ould change heading slightly so as to 
reach it at an angle that would enable you to change course to stay 
on the beam without excessive zigzagging when you actually reached 
the clean on-course signal, A good approach angle is 30°, But you 
don't definitely~ that the beam you are about to intercept is 
the desired beam, you simply ~ it and fly exactly as though you 
did know it. In other words, hold your course until the depth of 
monotone background and the relative strength of the two sets of 
identification signals tell you that you are well into the bi-signal 
zone. Then change your course to one which approaches the beam you 
desire at an angle of approximately 30° from the in-hound course of 
the beam. Whether your assumption is correct or not, the new course 
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will bring you to one of the two beams. When you reach the clean 
on-course signal, simply make your 30° turn to stay on the beam just 
as you would if you definitely ~ which beam you were intercept
ing. If your assuniption has been correct, you will have little dif
ficulty staying on the beam, and the beam is identified. The iden
tification is confinned by your compass heading and by the fact that 
as you stay on the beam you are getting closer to the station and 
your signal strength is increasing. 

If, on the other hand,instead of intercepting the desired beam, 
you actually intercept the other, you're going to have to do some 
fancy turning and zigzagging before you get squared away on the 
beam. The beam is thus identified and the identification confinned 
by your compass heading plus the fact that in this. case, as you stay 
on the beam you will be getting farther away from the station, and 
your signal strength will be decreasing. 

For example, let's go to the north "N" quadrant at Newark. You 
are flying 170°, the orientation course for this quadrant and the 
desirable beam to intercept is the northeast leg. All right, you 
assume that by holding 170° you actually will intercept that beam. 
You hold 170° until well into the bi-signal zone and then turn to 
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the right 40° (15° bank ror 13 seconds) to a course or 210°, which 
ls approximately 30° orr the In-bound bearing or that beam. As soon 
as you reach the clean on-course signal you start turning to the 
right to stay on the beam. If it is the northeast leg, a turn or 30° 
to the right (15° bank for 10 seconds) will keep you approximately 
on it. So you turn 30° to the right, but you listen Intently tor 
"A" or "N" s 1gnals, and it you get an "A", you turn slightly more to 
the right; 1! an "N", you turn a little to the left. The biggest 
•sucker• 1n the world is the fellow who turns to a heading or 238° 
and then sits there. It he gets an "A" he assumes that the beam is 
the west leg when maybe all that happened was that he slipped oft 
the northeast leg a little to the "A" side. It won't work that way; 
listen tor your "A's" and "N's" and correct accordingly. Stay on 
the beam by your signals and turn indicator; when you are set on it 
then read your compass. Your heading will tell you which beam you 
are r1d1ng, and 1t will be contlrmed by the Increase or decrease or 
signal strength. 

Instead or actually intercepting the northeast leg, suppose you 
intercepted the west leg. You will have followed Identically the 
same procedure - 170°, 210° and the 30° turn to the right as soon as 
you reached the clean on-course signal. But Immediately you will 
begin to hear an "A" and you'll turn right (just as on the northeast 
leg). You'll turn right a little, say 10 to 15°, but you still get 
an "A"; so you turn right some more, and probably some more again 
before you get back to the beam. Then as soon as you get back to 
tbe beam you' 11 kick to the left a 11 ttle to stay on, rut you prob
ably won't kick enough the first time and soon you'll hear an "N" 
and really turn lett. After a couple or sessions with "A's" and 
"N's", doing the fancy turning and zigzagging we talked about,you'll 
!ind you're riding the beam. You then look at the compass and it 
reads somewhere In the general neighborhood or 288° - the outbound 
course or the west leg. The beam is identified and the identifica
tion confirmed by the fact that as you stay on the beam the signals 
get weaker because you are getting farther away from the station. 
Tel 1 the instructor what beam you are on. 
and return to the station. 

Then do a procedure turn 

Keep an open mind, follow your procedure, and you can't miss . 
Even if you intercept the desired beam very close to the station, 
with a minimum or time in which to get squared away on it, if you 
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have follo.'led your procedure carefully, the chances are that you 
will be able to ride the beam right over the station, get a distinct 
cone of silence and a clear surge. In that case your initial ap
proach is completed. 

However, if riding your orientation course brings you over the 
station, or if you intercept the beam too close to the station to 
stay on lt, you will know these things from the violent changes in 
signal level. In that case I would simply abandon further effort on 
this method (No. 4) and change to No. 1 - the outbound course method 
which ls so handy when you know definitely that you are near the 
station. 

Primacy Training - Stage 14 

This stage should always be practiced as a continuation of and 
in combination with Stage 13. 

Have the safety pilot lose you at various portions of the 
range, open quadrants, closed quadrants, well out in the quadrant, 
close to or directly on the beam, far from the station and close to 
it. Have him work out as many combinations as possible until you 
have definitely learned that range and cannot be lost on it. 

Depending on the pattern of the range system on which you are 
working, practice whichever of the various systems of finding and 
identifying a beam are applicable. For instance, at Newark, method 
No. 3 applies in the "A" quadrants, method No, 4 in the "N" quad
rants. Detennine which of these methods is best for the "A" quad
rants and the "N" quadrants of your range and apply them. Even if 
other methods will V«>rk, be sure to do considerable practicing on 
method No. 4, for that is a universal system; it will work on any 
range and it is necessary that you have a thorough knowledge of the 
principle or staying on and identifying an unknown beam by sound, 

After identifying your quadrant and beam, fly the beam on into 
the station and locate the cone of silence. 

Take it easy and be ~. before announcing that a signal is 
fading out and that you are, therefore, in an open quadrant. Take 
another thirty seconds to be positive. And then always turn up the 
volume to determine whether or not you can hear both identification 
signals. 
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Incidentally, one or the surest ways to get all tied up in 
knots is to think you have guessed your positi .on and try to short
cut. Get in the habit or following your set procedure. For every 
time you might save five minutes by having guessed right and your 
shortcut having worked, there will be three times when you will 
guess wrong and your shortcut will lose you worse than ever and cost 
you half an hour or more. 
tried many times. 

I know whereof I speak for I've seen it 

Keep an open mind; visualize your position on the range system. 
If you have correctly solved your orientation problem you can expect 
certain things to happen with regard to change of volume and identi-
!ication signals. If they do not happen, maybe you have missed on 
your solution or your problem. If you have kept your mind open, the 
changes you actually get instead of the ones you expected to get, 
will give you the right answer. 

OTHER SYSTEMS OF ORIENTATION 

Outbound Course SystElll 

One very usable system of orientation is to apply Method #1 a
bove, that is, to fly parallel to the out-bound compass course of a 
beam. It can be used advantageously only when very close to the 
station; it shortcuts quadrant orientation, that is, the pilot using 
it is not particularly interested in knowing in which "N" or which 
"A" quadrant he was flying when he started to use it. It comes in 
very handy when a pilot has lost track of his position in pulling up 
from a low approach to the field or when he has gotten mixed up im
mediately after missing the cone of silence. 

In using it, fly a compass course parallel to the outbound com
pass course of the beam on which you want to make your next approach 
over the station; hold this course until you get a definite fading 
of signal. Having flown parallel to that beam, and the signal having 
faded, you must be out from the station in the general direction of 
the beam you want to use,and having started close to the station,you 
must be fairly close to the beam. Therefore, if you are now getting 
an "N" you know that you are on the "N" side of that particular 
beam; if an "A", on the "A" side of that beam. Merely turn right or 
left, as the "A" or "N" signals increase, and pick up the beam. 
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90° Turn System 

This was the first system of orientation and used to be popular 
because it is entirely mechanical, does not involve comparison of 
signal strengths and identifies quadrant and bean: at the same time. 
Under proper conditions any 'dub' can do it, whereas the more modern 
and standard systems require beam flying ability and head work. The 
trouble with it is that except under proper conditions it is very 
slow and can be completely inaccurate. The proper conditions are a 
range with 90° quadrants, little or no drift and a position not too 
far (five or ten miles) from the range station. 

Using this system a pilot flies a course at right angles to the 
average bisector for his quadrant until he hits a beam, then makes 
an exactly 90° turn; if the signal changes, it was one quadrant and 
one beam; if it does not, it was the opposite quadrant and another 
beam. Since average bisectors are always 90° apart, the pilot ac
tually flies the "N" bisector in "A" quadrants, the "A" bisector in 
"N" quadrants. 

Assume a range with one pair of beams exactly north and south, 
the other pair exactly east and west, the "N" in the northwest and 
southeast quadrants. The average bisector of the "N" quadrants would 
then be southeast (135°); of the "A" quadrants, southwest (225°). 
Right angles to these courses would be 225° for the "N" quadrants, 
135° for the "A" quadrants (which courses are the bisectors of the 
opposite quadrants). 

If a pilot were receiving an "N" signal and using this method, 
he would turn to a heading of 225°, hold that until he hit a beam 
and immediately make a 90° turn. It is not vital that this turn 
always be made to the left, or always to the right, but it is much 
less confusing to the pilot if it's always made in the same direc
tion. In the example on the next page, all these 90° turns have 
been made to the left. 

If the pilot were originally in the northwest "N" quadrant, 
when he hit a beam from a course of 225° and turned 90° left, he 
would cross the west leg and his signal would change to an "A". If 
he were originally in the southeast "N" quadrant his signal would 
not change after making his turn (except possibly momentarily while 
in the turn itself), but on completion of the turn he would continue 
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to receive an "N". Thus his quadrant and the beam he had encountered 
would be identified. 

If orlglnally ln an "A", he would fly 135°. If the slgnal 
changed to an "N" when he made his 90° turn to the left, he must 
have been in the southwest "A" quadrant; if he continued to receive 
"A" he must have been in the northeast "A" quadrant. 

Now let's see what happens to this system on a range with a 
distorted pattern such as Newark. The average bisector for the "N" 
quadrants at Newark ls 170°, for the "A" quadrants 260°. Thus, in 
uslng thls system at Newark, the pilot would fly 260° when ln an "N" 
quadrant, 170° in an "A" quadrant. Assume that he makes hls 90° 
turns to the left as before. If he were in the north "N" quadrant 
flying a course of 260° he would be approaching the west leg at an 
angle of ~That lsn•t a very big angle, and with a little drift 
or a little inaccuracy of flying he could easily fly all day before 
he hit the beam in order to make his turn. If he were in the east 
"A" when he had completed his turn, he would be on a heading of so0 , 

112 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



ELEMENTARY RADIO RANGE FLYING 

\ 
\ 
~\ 
o.\ 

\ 
\ 

' 

N (True) 

t 
N 

A 
N 

THE 90° SYSTEM OF BEAJ1 IDENTIFICATION 
APPLIED TO THE fID..IARK RANGE 

113 

A 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



I N S T R U M E N T A N D R A D I 0 F L Y I N G 

only 15° off the outbound course of the east leg, That is too small 
an angle, and I have seen good pilots become thoroughly confused in 
similar situations. Therefore, because of the time element involved, 
the chances of inaccuracy, and the fact that it doesn't prove any
thing as to a pilot's ability to fly or understand the ranges, I 
don't like this system and recommend that you forget about it. 

True Fade-out Method 

There is another method of beam identification which is popu
lar. I don't like it, but since it does have fairly general accept
ance, particularly with Civil Aeronautics Authority inspectors, you 
should be familiar with it. 

Having identified your quadrant, you are continuing on your or
ientation (average bisector) course if in a closed quadrant, or the 
reciprocal of that course (having made a 180° turn) if you were in 
an open quadrant. This course ls continued until you encounter a 
beam, and on through the beam until you encounter the first signal 
in the bl-signal zone on the opposite side, On receiving this sig
nal, a turn of not more than 180° is made to the left, to bring you 
back to the on-course. As soon as 
tered, a turn to the right is made 
beam. Then you start bracketing and 

the on-course is again encoun
to get back to the edge of the 

splitting differences until you 
are riding the edge of the on-course signal and have established the 
compass course of the signal. This compass course identifies the 
beam, identification being confirmed by the fact that the signal 
will increase if you are heading toward the station, decrease if go
ing away from it. Under this system, on any one quadrant, following 
the procedure will bring you toward the station on one of the beams 
bounding a quadrant, away from it on the other. The process looks 
like the illustration on the following page. 

I don't like this system because all this turning ls unneces
sary and confusing. The sharpest turns must be made if you actually 
encounter the beam, which by this method would bring you directly 
over the station. These turns bring you back to the beam at such 
sharp angles that Houdini himself couldn't stay within shouting dis-
tance of it. Excessive zigzagging ls not only encouraged - it ls 
demanded. That doesn't make so much difference if you are going 
away from the stat ion, but if you encounter the beam go 1ng toward 
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RIGHT AND LEFT CORRECTIONS 
TO BRACKET THE BEAM 

RIGHT AND LEFT CORRECTIONS 
TO BRACKET THE BEAM 

START 180° TURN 
TO LEFT 

BEAM IDENTIFICATION : THE TRUE FADE-OUT METHOD 

the station, it means that you will almost surely miss the cone of 
silence unless you have encountered the beam a long way out from the 
station. I much prefer Method #4 above, in which you assume you are 
going to encounter a certain beam. If you do encounter that beam 
(and its a 50-50 chance you will), you pick it up at such an easy 
angle that it's a cinch to stay on it and get a clean cone of si
lence even though you encounter it close to the station. If the 
other beam is actually encountered, there is still no more zigzagg
ing than in the "true fade-out system", which seems to me to be of 
value only to pilots who are so mechanical in their flying that they 
can't be trusted to exercise the very limtted amount of headwork re
quired by Method #4. 
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Swmnary of Orientation 

In order that this long discussion of orientation systems may 
not be confusing,let me remind you that the build-up,fade-out system 
is the standard system of quadrant orientation and that method #4 
(staying on a beam by sound) is the reconnnended system of beam iden
tification. Under special circumstances, flying a compass course 
parallel to the outbound course of a beam offers a very simple solu
tion to the problem, and in narrow quadrants the certainty of beam 
identification is increased, and frequently the time required to fly 
a problem by using the 90° method is shortened,by flying a course at 
right angles to the beam you wish to pick up (method #3). All of 
these systems should be practiced in Stage 14. 

GETTING ON A KNOWN BEAM 

If you are approaching a known beam and you definitely know 
that you are a long way from the station, and will have ample time 
to get squared away on that beam before reaching the station (at 
least five minutes), hold your intercepting course until you get 
well into the bi-signal zone. This spot is indicated by the fact 
that your monotone background is quite strong and your two sets of 
identification signals nearly equal in intensity - the same point 
where in Method #4 for Beam Identification, you turned to a heading 
which approached the beam at an angle of 30° from its inbound bear
ing. Do the same ttiing here: turn to a heading which approaches 
your known beam at an angle of approximately 30° (a heading which 
will definitely bring you to the beam); hold that heading until you 
reach a clean on-course signal; then make your 30° turn (15° bank 
for 10 seconds) to stay on the beam. Stay on your beam by "A" and 
"N" signals, bracketing the course (as explained in the early part 
of this chapter) by splitting the difference between headings which 
pull you off the beam and headings which bring you back to it. 

However, if you know that you are fairly close to the station 
or if there is the least doubt in your mind that you will have at 
least five minutes in which to get lined up on the beam after inter
cepting it, the easiest and surest way to get on that beam with a 
minimum of zigzagging is to apply the principles of procedure turns. 
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The 45° Method 

As you get to the twilight band (the narrow strip bounding the 
beam, where identification signals seem to be or equal intensity but 
the "A" or "N" can be faintly distinguished above the monotone back
ground) change your course to one which will cross the beam at an 
angle or 45° from the outbound bearing of the beam. Hold that course 
tor from 45 seconds to 1-1/2 minutes after you reach the clean on
course signal; then do a normal 180° turn a.way from the station. If 
you have crossed to the other side of the beam while doing this, 
straighten up on completing the 180° turn and hold the new course 
(which will be 45° oft the inbound bearing or the beam) until you 
reach the twilight band. Then nake your 45° turn (15° bank !or 15 
seconds) toward the station and stay on the beam by "A" and "N" sig
nals and splitting the difference between courses that take you oft 
and bring you back to the beam. 

/..£, ,' 1'\ 
STARTS 180° -~-I 145• 
TURN HERE :g • 

8!l!z I 
w : '/, 

145~ QUADRANT 

N 
A 

' IDENTIFIED 
TURN TO HEADING TURNS TO COURSE ~ 

45• OFF OUTBOUND AT RIGHT ANGLES ~s'(.) 
BEARING OF BEAM TO THE BEAM co'U ,,. _... 

9/(
, j ~,o~ ,,..--

x'<-~~" ---~· , ~O!.--/Z 

HEADING~ 
~-:--"==---·~==~========--------

A 7 N 

GETTING ON A KNOWN BEAM: THE 450 METHOD 

For example, let's go back to Method No. 3, the 90° method or 
identifying a beam. In that case you picked up and identified the 
northeast leg or Newark from the east "A" quadrant by !lying a 
course at right angles to the northeast leg. You have no way or 
knowing how tar you are from the station, but you want to get on 
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that beam with a minimum of fuss and zigzagging and a maximum of 
certainty or riding it over the station and getting your cone of si
lence. You are flying a heading of 328° (90° angle to the northeast 
leg), Hold that course until you reach the twilight band; then turn 
45° (15° bank for 15 seconds) to the right, which will give you a 
new heading of 45° off the outbound bearing of the beam. Hold this 
new heading from 45 to 90 seconds; then make a normal 180° (15° bank 
for 1 minute) turn to the right - away from the station. That will 
give you a heading or 45° off the inbound bearing of the beam. Hold 
this course until you reach the twilight band and then do a 45° turn 
(15° bank for 15 seconds) to the right. This will put you on the 
beam headed directly toward the station,or so close to the beam that 
you will be able to get on and stay on with a minimum of zigzagging. 

The 30° Method 

The 30° method of procedure turns can be applied in the same 
manner. 

A 

N 

A 

N 

~\).$~~ 
90· ~ ~,o~so ............. ; .. 1' 

r. o~,~~~ ..... ifil· 
' l .............. ~ 

.._ ~UADRANT IDENTIFIED 
TURNS TO 328° 

GETTING ON A KNOWN BEAM: THE 30° METHOD 
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In using the 30° method, turn to a course 30° off the outbound 
bearl.ng of the beam as soon as the tw1light band is reached. Hold 
that course for 1 minute 15 seconds after crossing the beam. (Start 
timing as soon as you hear the "N" twilight band). Then make a nor
mal turn (15° bank) to the right. When you reach the beam you w111 
be heading toward the station. 

WEATHER BROADCASTS 

If you are working on a range where the range shuts down for 
weather broadcasts, follow the procedure given below when a broad
cast starts. 

When flying out on a beam, keep on going, holding the course of 
the beam by compass. 

When flying in on a beam (unless you are on a cross-country 
flight and know you are a long way from the station) as soon as the 
broadcast starts, make a co~plete normal 360° (two minute) turn. 
The average weather broadcast lasts 2 minutes, but if you know that 
this ts the time for a long sequence, make the turn even slower than 
2 minutes. The idea ts to avoid passing over the station during the 
broadcast, for then there ts no way of identifying the station. By 
making a 360° turn you get no closer to the station, and on com
pleting the turn are approximately on the beam at the point you were 
when the broadcast started. Make it a habit to make this two minute 
turn unless you know definitely not only that you will not reach the 
station during the broadcast, but that after the broadcast is con
cluded, you will have time to again pick up your beam and get set on 
it before reaching the station. In case of doubt, turn. 

If you have reason to believe that you are close to the sta
tion, or that the broadcast will be a particularly long one, it is a 
good idea to make a 180° turn, straighten up on the reverse course 
(which will parallel the beam) and hold that parallel course until 
the broadcast ts ended; then make another 180° turn toward the beam. 
This will bring you back on the beam a little farther away from the 
station than you were when the broadcast started; it will give you a 
little longer time to get squared away on the beam and increase the 
probability of hitting the cone of silence squarely. 

On the short local broadcasts at 30 minutes past the hour, 
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which usually last less than 30 seconds, keep on going unless you 
have reason to believe you are quite close to the station. 

It you are !lying a course tor orientation, keep on going; it, 
by the time the range is back on, you have crossed to another quad
rant, simply pick up the orientation tor that quadrant. 

PREPARATION FOR LOW APPROACH 

The chiet values or any range are tor homin~ and tor instrument 
approaches to airports that are obscured by low ceilings or visi
bilities. Therefore, the goal ot all this striving tor accurate, 
smooth inst:n.unent !lying and dependable beam !lying and station lo
cation is, tirst, to get to a known spot (the radio station) with 
relation to the airport on which you want to land. But it you can
not see the airport attar you get there, you are still not much bet
ter ott unless you are able to consistently tollow a sate letting
down-through procedure trom over the station to a low altitude over 
the airport. 

Therefore, it is well to practice orientation problems and or
iginal passing over ot the station at altitudes corresponding to 
those which would normally be used in coming into your station on a 
cross-country trip (initial approach), thus simulating actual con
ditions. Having passed over the station at this altitude, 1nunedi
ately proceed to get into position for your low (tinal) approach to 
the station and let-down to the tield. 

It you have reached the station on the beam opposite to that on 
which the low approach is to be made, continue out on this tinal ap
proach beam; it on another beam, i11Dnediately turn toward the out
bound course or the tinal approach beam. In either case, you will 
nonnally start losing altitude illDilediately. This is done by partly 
closing the.throttle, keeping the air speed at the cruising rate. A 
good rate ot descent in the Instrument Rating Test is 400 teet per 
minute. 

Always the tirst thing to do attar your initial approach over 
the station is to pick up the beam you are to use tor your tinal ap
proach. Go out on that beam and get down to the altitude at which 
you will make your procedure turn to come back to the station. 

120 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



E L E M E N T A R Y R A D I 0 R A N G E F L Y I N G 

How to Lay Out a Low Approach 

The best method of letting down to an airport from its neigh
boring range station must take into consideration all factors of 
range pattern or layout, distance from range station to field, ter
rain, obstructions, length of runways, etc. In other words, each 
procedure is a separate and distinct problem. 

Airlines have very carefully worked out what they consider to 
be the best letting-down-through procedure for each range in their 
territory. Each airline pilot carries as part of his standard kit, 
required to be with him in the cockpit at all times, a manual show
ing the diagram of each range, its relation to the field, the mini
mum altitudes for his initial approach over the station from each 
leg of the beam, the leg and altitude for the final approach and the 
method and limits of letting down for the field after crossing the 
station on his final approach - and last, but far from least, the 
safest way to pull up if he is unable to land on his approach. 

It is assumed that on the range on whtch you plan to train for 
your instrument rating there is a standard letting-down-through pro
cedure and that you will use that procedure. If no standard pro
cedure has been worked out, it will be necessary for you to turn to 
Chapter V and work one out. This can be done, at least approxi
mately, on paper with a large scale map (1 mile to the inch) with 
the range station, beams, airport and obstructions accurately 
plotted; but it must be checked and brought to its final form in an 
airplane with full visibility as to what goes on, Having checked 
and approved the procedure visually, you then proceed to do the same 
thing on instruments. 

Final Approach to Station 

One of the chief essentials to making successful field ap
proaches, whether under a hood or on schedule, is getting everything 
done ahead of time that can be done ahead of time, so that your un
divided attention can be devoted to those things which remain. 

For example, as you go out the final approach beam, get down to 
altitude, get your ship slowed down to approach speed and your sta
bilizer set for that speed before starting your tum-around. On 
schedule, wheels will also be down, and props flat. Then, when. you 
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pick up the beam and are headed toward the station, you can con
centrate on staying on .the beam at the correct altitude and speed, 
and getting the dead spot. It will be much simpler to hold a speed 
and altitude already attained than to attain one, trim your shlp for 
it, and then hold it at the same tlme you are trying to ride the 
beam. 

For an Instrument Rating test the low approach will be the 
"final approach" in the standard instrument approach procedure, 
worked out by the airlines for that field or the final approach as 
worked out by you 1f no airline procedure is available, Come up the 
beam slowly (just a little faster than normal gliding speed), con
trolling speed by elevators and stabilizers. Hold your altitude by 
watching your rate of climb and altimeter and adjusting your throt
tle. Immediately on crossing the station close your throttle and 
carry out the let-down from station to field exactly as worked out 
previously. 

Since you are simulating an approach to a f leld that ls ob
scured, and since you are simulating an actual condition where 1t 
may be necessary to let dovm lower than obstructions !n the not-too
distant vicinity, it is essential that you definitely and positively 
locate the station before letting down. Under actual conditions you 
would not let down for the field unless you knew posltlvely the 
point from which you were starting your glide. Be accurate and def
inite in locating your station. 

Be sure to observe the drift as you come up the beam. If your 
let-down follo.'is the opposite beam from the station to the field and 
you have 5° right drift as you come up the beam to the station, you 
will probably have 5° right drift from station to f leld. If your 
let-down from station to field ls a left turn (as at Boston) and you 
have had a drift to the right: your turn wlll have to continue 
farther to the left than would be necessary in still alr, if you are 
to hlt the field . One reason for getting on the beam well out from 
the station and allowing plenty of time to get "set" on lt, ls to 
give you time to figure your drift, and estimate approximately the 
wlnd that ls causing lt and the effect that wlnd wlll have on your 
let-down from station to field. 

Use your head! Think! 
for a purely mechanical pilot. 

Digitized by Google 

Thls letting-down business ls no place 
Failure to consider the effect of 
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gale winds aloft has been responsible for several cases where air-
1 ine pilots became completely and thoroughly lost, in some cases 
taking hours to work out their position after being only a few miles 
from the station and knowing that they were close to the station. 

Many radio ranges are located uncomfortably close to airports 
for a normal glide on instruments from the station to the field; in 
such cases it is necessary to approach the station at the lowest 
possible altitude and air speed permitting good control and safe 
clearance over obstructions, but still high enough to permit of def
inite location of the range station. Accurate control of altitude 
is most important. Practice controlling altitude accurately, within 
a maximum variation of plus or minus 100 feet. 

Letting Down to the Field 

Consistently safe instrument approaches call for the ultimate 
in accurate and smooth instrument flying, which means the ability to 
watch all your instruments simultaneously and to control all of them 
promptly, definitely and smoothly. In addition to this, there must 
be a definite flight procedure and routine, which must be strictly 
adhered to. When letting down to a field at low altitude on in
struments, either with an inspector or a load of passengers aboard, 
there is no time to change your mind or to formulate a plan and then 
carry it out. Work out with your instructor or safety pilot every 
move that you are going to make on this procedure and then practice 
it until you can do it smoothly and consistently. 

Primary Training - Stage 15 

Either adopt the airline standard procedure for your range or, 
if none is available, work out your own system. In either case try 
it several times with the hood open so that you know definitely just 
what you are attempting to do when under the hood. 

Have the safety pilot put you on the approach leg at approach 
altitude and speed; then you take the controls and make a pass at 
the field, telling him when you think you are directly over the 
field boundary; then proceed with your pull-up. At first, when you 
are trying to get in as many low passes as possible, as soon as you 
have climbed to a safe altitude, have him take over the controls and 
again put you on the approach leg headed toward the station at final 
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approach altitude and speed. Later it will be excellent practice 
for you to get back to this position without help from him,and still 
later the whole problem of quadrant orientation, beam identifica
tion, initial approach, final approach, let-down for the field and 
pull-up should be combined into one continuous problem. 

The follcming are fundamentals of the let-down for the field: 

(1) Immediately on crossing station, close throttle. 

(2) ~ establish your heading. If approximately a straight
ln approach, get on course by turn indicator and compass. If fol
lowing the beam in, use your turn indicator and compass to get on 
the beam to avoid excess zigzagging. If a turn approach, get the 
predetermined rate of turn accurately established. 
your observed drift and drift effect on your let-down. 

Keep in mind 

(3) Having the course or the turn established, THEN pay atten
tion to the air speed, rate of descent, and altitude. If you have 
approached the station at approximate gliding speed, with stabilizer 
properly set, closing the throttle wlll nonnally start the. correct 
descent. That is the reason you can concentrate on course BEFORE 
concentrating on descent. 

(4) Having established the heading or turn and having the glide 
under control, the rest of the approach is merely a matter of keep
ing them that way. Correct your course for beam (if the approach 
follows the beam) by small easy turns; control rate of descent by 
throttle. ALWAYS KEEP ONE HAND ON THE THROTTLE IN THIS APPROACH. 

(5) Watch your altimeter closely (and if time ls a limiting 
factor, your clock also). About fifty feet before reaching your 
bottom altitude, (more if your ship ls inclined to squash or ls slow 
to change from a glide to a climb) start easing in a little throt
tle. As soon as the rate of climb shows a decrease in the rate of 
descent, forget about the rate of climb indicator and concentrate on 
alr speed and altimeter. 

Until you have trained yourself to avoid them, either one of 
two things, both bad, happen here. Either you will haul back on the 
elevators and stall the ship (disastrous at this low altitude) or 
you will use too much power and either pick up speed or gain alti
tude so that a landing from this approach would be impossible. You 
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have definitely got to balance your air speed and your altimeter 
with your elevators and throttle. You will most certainly not ignore 
your rate or climb, tor it will keep you from being too violent, but 
you will place more attention and reliance on your sensitive alti
meter than on your rate or climb. You're getting down to within 
probably three hundred feet or the ground, and the rate or climb is 
too slow in its indications tor such close quarters. 

(6) The limit or your approach is a definite altitude or a def
inite elapsed time, or both. As soon as this definite limit is 
reached open your throttle wide, keep your air speed at best climb
ing speed and gain altitude just as rapidly as possible. It is just 
as important to demonstrate your ability to get out or the field 
safely as it is to get into it safely. 

Instrument Rating Test 

Since one purpose or this manual is to train pilots to pass the 
Instrument Rating Test, the various stages or Primary Training 
should be followed in their sequence until the essentials or each 
are mastered; tor each successive stage introduces a new instrument, 
a new control, or a new problem. Having attained a definite under
standing and reasonable mastery or all the stages, it is well to 
continue your practice by following the test routine as set forth in 
Chapters VI and VII. 

The Instrunent Rating Test consists or three parts: a written 
examination, an instrument flying test, and a radio beam flying 
test. The Inspector nonnally grades on ten features in each or 
these tests. Note that CAR 21.37 states that the minimum passing 
grade in each subject or test shall be 7CIJ,. Each flight maneuver 
will be graded separately although other examinations will be graded 
as a whole. This means that you must do a consistently good job on 
every feature or the test, that you can't expect superfine perform
ance on one maneuver to pull you over the hump or a sloppy perform
ance on some other. 

Before doing any instnment flying, always: (1) Check wind di
rection and velocity at the altitudes you expect to fly; (2) set al
timeter at actual "above sea level" elevation or the field from 
which you are flying; (3) check radio range and inter-phone opera
tion before taking ott. 
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CHAPI'ER V 

INSTRUMENT APPROACH PROCEDURES 

Every instrument approach procedure is a tailor-made proposi
tion. It must be designed to fit the various factors of range pat
tern, distance from range station to airport, size and shape of air
port, layout of runways, cleanness of approaches and the height of 
all obstructions or high points on the range system. For these rea
sons no two approach procedures are exactly alike, although all fall 
into three general classes. 

The purpose of this chapter is to demonstrate the principles 
used in laying out typical approach procedures by giving in detail 
one or more procedures of each type. If there has been no standard 
procedure set up for your range,application of these principles will 
enable you to design one. 

Each approach procedure, regardless of type, falls into four 
parts: 

(I) The Initial Approach 
(II) The Final Approach 

(III) Letting-Down for the Field 
(IV) Pulling Up 

I . The Initial Approach 

A number of fatal accidents have occured because pilots, think
ing they knew where they were, started to let down before reaching 
the range station or otherwise definitely PROVING their position. 
Normal standard procedure is to come over the range station the 
first time at an altitude at least 1000 feet higher than the highest 
obstruction on or within several miles of the beam as far out as the 
first definite check point - usually the airways "Inner Marker". 
This first crossing of the range station is known as the Initial Ap
proach. 

By "definite check point" is meant a definite "fix" such as the 
cone of silence of another range station, the intersection of a beam 
of another range or sometimes a non-directive or "M" type marker 
beacon. 
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For example, at Newark there are definite flxes,"Inner Markers" 
or check points on each leg of the range. 

BEAM INTERSECTIONS OR "FIXES" ON THE tffi.JARK RANGE 

It will be seen that each leg of the Newark range ls inter
sected at some point by beams of other radio ranges. 

The west leg ls intersected by both the southwest and southeast 
legs of the Martins Creek range . On this leg the "fix" which ls 
used ls the intersection of the southeast leg of Martins Creek, 
which ls 43 miles from the Newark range station. This ls known as 
the Martins Creek intersection and ls the inner marker for ships 
coming to Newark via the west leg of the Newark. range - from Chicago, 
Cleveland, Buffalo, Pittsburgh via Bellfonte, etc. The intersection 
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is considered to be the intersection of the southeast leg of Mar
tins Creek with the twilight band on the "A" side ot the west leg 
ot the Newark range. 

On the southwest leg of the Newark range the inner marker is 
the intersection ot this same southeast leg of Martins Creek near 
Princeton, New Jersey, which is about 31 miles from Newark. This is 
known as the Princeton intersection. It is the inner marker tor 
ships coming to Newark from or via Camden. 

On the northeast leg of Newark the inner marker is the inter
sect ion ot the northwest leg of the Mitchell Field range between 
White Plains and Tuckahoe, 28 miles from Newark. It is the inner 
marker tor ships approaching Newark via the northeast leg from 
Boston, Hartford and other cities to the northeast. 

There has been no inner marker set up tor the east leg because 
practically no instrument traffic approaches Newark on that beam. 
The logical tix,however,would be the intersection with the northeast 
leg ot the Floyd Bennett range about 17 miles from Newark. 

Because 2000 feet above sea level is the lowest altitude which 
attords ample clearance on all these beams from the inner markers to 
the Newark range station, 2000 feet above sea level is the minimum 
altitude at which ships approaching Newark on instruments are per
mitted to cross the station initially,except when approaching on the 
southwest leg. The southwest leg being the standard final approach 
leg, with no high obstructions between the Newark station and the 
Princeton intersection, Airways Traffic Control will sometimes in
struct a pilot approaching Newark trom Camden to come up the south
west leg from Princeton at 1000 feet, thus combining the initial 
and final approaches into one. 

In detennining the initial approach altitude, the distance out 
from the sides ot the beam which must be considered in figuring what 
points must be cleared will depend on the characteristics ot the 
beam with regard to dependability of alignment, multiple courses, 
swinging, etc. If the beam is steady and dependable and the dis
tance to the inner marker not too great, say 25 or 30 miles, 15 
miles either side of the beam should suffice. It the beam is un
stable, safety dictates that a wider strip each side of the beam be 
used. It there is the least doubt, the initial approach altitude 
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should be set high enough to clear everything in either quadrant 
bordering the beam within the radius or the marker. It is much 
healthier to cross a thousand reet or so higher than is absolutely 
necessary than to attempt to come over ten feet too low. 

It a standard initial approach altitune has been set up ror 
your range, find out what it is and use it. Ir no such altitude 
has been set, determine it yourself on the basis or the information 
given above . 

II. The Final Approach 

After definitely proving your position over the range station 
in the initial approach, it is necessary to have a sare procedure 
ror losing altitude ror the final approach. On this final approach 
you again come over the range station but on the beam and heading in 
the direction and at the altitude which orrers the best means ror 
letting down to the airport. 

The selection or the beam on which the final approach over the 
range station is to be made depends primarily on the means to be 
used to control the glide path rrom the range station to the air
port. Ir a beam rrom the station crosses directly over the airport, 
the opposite beam is the logical choice, ror it permits the airplane 
to come over the station and let down in a straight line. Ir there 
is no directly opposite beam, choose the one which requires the 
least amount or turning. Obviously, when on instruments, turning an 
airplane which has been well slowed down and which is at a low alti
tude is to be avoided as much as possible. 

Ir there is no beam directly over the airport and the descent 
involves a turn on instruments, or a letting down toward low terrain 
away rrom the airport (as at Washington), choose the beam ror your 
final approach which puts you over the station in the best position 
to carry out your letting down procedure. 

The selection or the final approach altitude involves a number 
or factors : first, you must come over tl1e station low enough to 
carry out your letting down procedure; second, you must come over 
the station high enough to be able to get a clean cone or silence; 
and third - and most important or all - you must come over the sta
tion high enough to clear by a comfortable margin. all obstructions 
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in the final approach area. For very skilled and accurate pilots 
who have available two accurately calibrated altimeters which check 
closely with each other, and who have available dependable informa
tion from the ground for setting these altimeters, the absolute min
imum for this margin ls 300 feet. It ls usually more. At Newark 
the final approach ls made on the southwest leg and the highest ob
struct ion on or near that leg from Newark to well beyond the Prince
ton intersection ls 390 feet. Yet the final approach altitude at 
Newark is 800 feet; a margin of 400 feet above the obstruction. 

At Newark there ls a fairly good cone of silence as low as 600 
feet and the range station is just under two miles from the field. 
Thus for letting down, 600 feet over the station would be a better 
altitude than 800 feet, but the higher altitude is chosen to be~ 
of a safe clearance margin on the final approach. 

The final approach consists of going out the f lnal approach leg 
away from the station, making a procedure turn and returning to the 
station at final approach altitude. The procedure turn is nonnally 
made at an altitude approximately 1000 feet above the high point in 
or near the final approach area. 

Thus,the station is first crossed at the initial approach al
titude, the ship proceeds out the final approach leg for at least 
three minutes (longer if the air is rough or there is considerable 
wind) at the same time letting down to the altitude for the proced
ure turn. While losing this altitude the ship is slowed down, the 
wheels lowered and props put in low pitch. The procedure turn is 
made to the ~ of the beam in order to be out of the way of out
bound traffic from the airport which will be flying to the right of 
the beam and since it ls climbing, might be at the same altitude. 
After the procedure turn is made and the ship gets back on the beam 
headed toward the range station, altitude is lost to the exact alti
tude for final approach over the range station. This altitude ls 
very carefully and exactly maintained by use of the throttle, for it 
is particularly important that the ship's speed be closely con
trolled. The speed ls normally not over 10 to 20 miles per hour 
above the speed that will be used in letting down from the range 
station to the field. The idea is to keep it as low as possible and 
still have good control and no "squashing" characteristics. Obvious
ly, corning across the range station too fast makes it hard to lose 
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altitude and at the same time be slowed down sufficiently to land 
straight ahead when you break out underneath. 

III. Letting Down tor the Field 

This is the most important part of the whole process ot instru
ment flying. It is the part that calls tor the utmost in skill, 
quickness, accuracy, smoothness and dependability on the part of the 
pilot, tor here he is operating closer and closer to the ground, at 
reduced speed and probably with obstructions higher than he is, not 
tar away to the sides and ahead of him. It is in the method of 
letting down tor the field that approach procedures vary most, but 
all tall into three general types. 

Type 1 - Letting Down on a Beam 

The most practical set-up tor letting down from a range station 
is one in which one leg of the range passes directly over the long
est runway on the field, where there are no obstructions between the 
range station and the field area and where the range station is 
about 3 miles from the field boundary. Unfortunately, very fem lay
outs even closely approximate these nearly ideal conditions. 

The reason 3 miles is chosen as a desirable distance from range 
station to field is that this distance provides a comfortable and 
well controlled power glide from 1000 feet for any present day air
plane. Most airplanes can be comfortably and accurately controlled 
in straight flight at a speed of 90 to 100 miles per hour losing al
titude at 500 feet per minute. Most ranges have a distinct cone of 
silence at 1000 feet. At 90 miles per hour it requires 2 minutes to 
travel 3 miles;at 100 miles per hour it requires 1:48. At 500 r.p.m. 
the airplane loses 1000 feet in two minutes, 900 feet in 1:48. 
Thus, in a three mile glide from over the range station at 1000 feet 
the airplane can be short of the field when it breaks out underneath 
the overcast and at a speed and altitude permitting an easy landing 
straight ahead. 

For fields approximating the ideal set-up and when obstructions 
near by are not a factor, the customary airline minimum conditions 
for landing-down-through are a 300 foot ceiling and 1 mile visibil
ity. These minimums hold good provided wind conditions permit a 
landing straight in from the approach. If conditions are such that 
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INSTRUT1ENT APPROACH MAP OF NE:WARK 
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the airplane must be turned 1n order to land, and make a part circle 
ot the tleld attar breaking out, celling or v1s1b111ty requirements, 
or both, are raised. The celling must then be high enough to pennlt 
circling and there must be sutt1c1ent v1s1b111ty to insure that the 
tleld will not be "lost" while making the turn. 

The layout at Newark approximates 1n many respects our ideal 
layout as described above. The northeast leg or the range passes 
directly up the long runway, and there are no obstructions between 
range and tleld . There ls a rather small but quite distinct cone ot 
silence at the tlnal approach altitude or 800 teet. The station ls 
about 1.9 miles trom the near end ot the runway. At 100 miles per 
hour it requires 1 minute 8 seconds to travel 1.9 miles; at 90 miles 
per hour, 1 minute 16 seconds. The minimum altitude tor landlng
down-through ls 300 teat, which means that a pllot making an ap
proach at Newark ls not pennltted to go lower than 300 teet unless 
he has established visual contact with the ground. That ls 500 teet 
lower than his altitude over the station. It the airplane rate ot 
descent was 500 teet per minute it would be practically on top ot 
the tleld by the time 1t reached the 300 teet minimum - too close to 
complete a landing straight-in. Therefore It ls customary at Newark 
to descend taster than 500 teet per minute, so that 1! ground con
tact ls established at 300 teet the ship will be tar enough trom the 
tleld boundary to complete the landing straight ahead. 

It so happens that with conditions ot low v1s1b111ty and cell
ing at Newark, wind conditions are usually such that landings can be 
made straight ahead. It the wind conditions are such that the plane 
must circle in order to land, somewhat higher ceiling and v1s1b111ty 
are necessary (500 teet and 1-1/2 miles) tor a sate approach because 
ot the obstructions west, north and east ot the tleld. 

The schematic sketch ot the approach procedure at Newark Il
lustrates tully this type ot letting down. It will be noted that 
attar crossing the range station at the initial approach altitude or 
2'.>00 teet, the airplane 1mrned1ately proceeds out the southwest leg. 
It 1t has come over the station trom the west leg, a right turn ls 
made to a heading or about west - the west heading held until the 
twilight band ls encountered, whereupon the airplane turns left to 
go on out the southwest leg. If the 1n1t1al approach is from the 
east or from the southwest leg, a lett turn ls made to a heading of 
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south and that heading held until the southwest leg is picked up. 
Of course, if the initial approach is from the southwest leg, the 
left turn will first take the plane through a section of the north 
"N" quadrant, across the west leg of the beam (which will be en
countered just about the time the plane reaches a south heading (if 
the turn is started promptly on crossing the range station) and then 

~~rough a section of the west "A" quadrant, from which it will pass 
....... ~ southwest leg . If the initial approach is from the northeast 
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leg, the airplane will simply continue approximately straight ahead 
out the southwest leg. 

This Newark range illustrates the most J!nportant principle in 
the letting down procedure illllllediately after crossing a range sta
tion on a final approach. This is the absolute necessity for con
centrating on heading as soon as the throttle is closed. If the air
plane speed has been correct (slightly higher than nonnal gliding 
speed) when the station was crossed on the final approach, and the 
stabilizer or elevator tabs properly set for that speed,the airspeed 
and rate of descent in the glide will take care of themselves for 
those first few seconds after the throttle is closed. Of course, 
the throttle is closed illllllediately after the cone of silence is def
initely proven - build-up, dead spot, surge and beginning of fade. 
Having first established the desired heading, the pilot then active
ly controls air speed and rate of descent as well. 

It will be noted that the northeast leg (letting down) and the 
southwest (final approach) leg are not quite reciprocals, that there 
is a difference of 5°, which means that on crossing the station on 
final approach the airplane must turn 5° to the right to follow the 
northeast leg to the field. If this turn is not made illllllediately 
the pilot will normally find himself receiving a broad "N" signal 
with little or no monotone background. The natural reaction to this 
is to take a vicious cut to the right and presto, he is through the 
beam, ·getting a broad "A" and heading away from the beam. He then 
either violently reverses his course and goes through to the "N" 
side again, making an impossible zig-zag, or tries to ease back to 
the beam. The easing business seldom works and he finds himself 
headed for the stacks just east of the field. All of this is ob
viated by ~ concentrating on heading. The instant he definitely 
recognizes the build up, dead spot, su.rge and beginning of fade on 
crossing th~ station, he must throttle bac.k smartly and stay on the 
beam. If he has a gyro, he will turn 5° to the right; if he is 
working for his rating and cannot use the gyro,he will make a gentle 
turn to the right - turn indicator over about half way to the 15° 
bank position for seven or eight seconds - straighten up and listen. 
If he is then getting a clean beam, he should stay on it; if not a 
clean on-course signal, turn gently left or right to get it. In the 
few seconds that have elapsed since crossing the station he can't be 
very far off the beam; he must resist the temptation to make violent 
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corrections, tor then he can not hold the beam when he picks it up. 

Remember, when you are very close to a station the beam is very 
narrow, the twilight band and the bi-signal zone almost non-exis
tent. The result is that close to a station you will either have a 
clean on-course signal or a broad oft-course signal. But don't be a 
•sucker•; take it easy. Use your head, your ears, and your turn in
dicator in combination with timing or your directional gyro. It the 
correction is made easily and smoothly the compass can help to 
check, but things are usually happening too tast tor the magnetic 
compass to be ot very much help here. 

What has taken so long to describe on paper will normally re
quire only 5 to 10 seconds in the cockpit. The heading being es
tablished, pay attention now to air speed, rate or descent and alti
meter, as well as heading. The time spent in lining up the heading 
will usually be sutticient to overcome the lag in the rate or climb 
indicator. It you are descending too slowly, (1) take ott more 
throttle it the air speed is satisfactory, (2) increase the air 
speed by putting the nose down it the air speed is too slow, or (3) 
both. The important thing ts to control rate or descent by throttle, 
control air speed by elevators, stay on the beam (or heading tr the 
letting down tor given range does not follow a beam) and watch the 
altimeter. 

Busy? or course you're busy. But it you have properly pre
pared yourself by training and practice on the tundamentals or tn
stn.unent tlytng and the fundamentals ot radio beam !lying, the job 
ts not at all too d1tt1cult. Thorough preparation and quick pilot 
reactions and plenty or practice are the necessities. 

The limit or this letting down procedure ts normally a spect
tted altitude and usually a specified time limit as well. The min
imum altitude ts usually set at 300 teet above the obstructions on 
or near the probable glide path or the airplane; the time limit !!! 
~ 30 seconds less than the time required to reach an obstruction 
that this minimum altitude will not clear by 300 teet. In figuring 
this time limit, gliding speed plus possible tail wind must be con
sidered. To go back to a typical case, Newark,there are no obstruc
tions higher than the tteld itself between the range station and the 
tteld; on the field only the usual hangars. Therefore, the minimum 
altitude at Newark ls set at 300 teet. But about a mile beyond the 
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field and almost directly on the northeast (letting down) leg, is a 
365 foot stack. It is more than three and a half miles from the 
range station to this stack. At 100 miles per hour the field would 
be reached in 1:08, the stack in 2:06, figuring still air. There
fore, the standard letting down procedure at Newark states "If the 
ground is not visible at the allowable minimum (300 feet) within one 
minute from the crossing or the cone or silence" pull up and get out 
quick. 

Newark has "approach lights" which are a great aid in picking 
up the ground. These lights consist or a "ladder" or red neon 
lights each ten feet long extending out for 1500 feet from the end 
or the rtmway toward the range station and directly on the beam or 
glide path. They have a high degree or visibility even under ad
verse conditions. Consequently the one minute limitation at Newark 
is seldom called into use. What actually happens is that the pilot 
lets down fast after crossing the station, being particularly care
ful to stay directly on the beam. If the neon lights are not picked 
up within a very few seconds from the time he gets down to 300 feet 
he does not wait tor the run time allowance but opens the throttle 
wide and pulls up 1nunediately. 

The map or the Newark approach procedure includes in each quad
rant a label such as "1900' Quadrant", etc. These indicated alti
tudes are the lowest to which an' airplane can let down within a 10 
mile radius or the range station in each quadrant and still maintain 
1000 ft. clearance over the highest obstruction within these areas. 

The reason for the long and detailed analysis or the Newark 
procedure is not simply because it is my home port and that there
fore I know it better than others, but because it is so thoroughly 
typical or this type or procedure. If the beam layout at your own 
range is adaptable to this kind or procedure (1) find out if a 
standard instrument approach procedure has been set up tor your 
range, and if so use it. (2) If no standard procedure has been de
veloped, work out one tor yourself, using the principles explained 
in the Newark procedure as your guide. 

No matter if you use an airline procedure or work out your own, 
test it under contact conditions, with the hood open. Do exactly as 
you would do on instruments, with the same limitations or beam path, 
air speed, rate or descent, altitude and time and see what happens. 
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If the simulated instrument approach works, and gives you the neces
sary and vital margin of safety, the same approach on instruments 
will also work. 

One fundamental of ~ letting down procedures should be 
stressed here. It is: ~' except in emergency, fully lower your 
flaps until ground contact has been established definitely and ~
itively and you know that you will be able to land. Most airplanes 
"squash" badly with flaps down; if you have to pull up they materi
ally slow up the climb. Dumping them usually causes the ship to 
lose some altitude or at least, if dumped when you are trying to 
pull out, changes the flying characteristics at just the time you 
are too busy to have these characteristics suddenly altered. Keep 
your flaps up until you~ the airport and ~that you can land. 

Letting Down on a Course 

A former alignment of the radio range at Fort Worth did not 
provide a beam directly over the field but the continuation of the 
north leg would have passed directly over the field which lies south 
of the range station. The letting down procedure was essentially 
the same as that analyzed for "Letting Down on a Beam" except that 
instead of following a beam to the field, the pilot, after crossing 
the station maintained exactly the same heading that he had held to 
stay on the north leg, and let down on that heading. The danger was 
a radical change 1n drift, for we all know that winds sometimes 
change violently in both force and direction only a few hundred feet 
off the ground. Thus, coming south on the north leg at 1000 feet 
above the ground he might have a strong southwest wind and correct 
his heading accordingly, whereas below 1000 feet the wind might be 
just as strong from the northeast. The change in drift could easily 
carry him wide of the field. 

On most ranges of this type 1t ls better to let down on a beam 
to low terrain, even though this may involve going away from the 
field. The minimum altitude in such situations must be set high 
enough to permit coming back to the field "contact" after breaking 
out underneath the overcast. 

Type 2 - Letting Down Toward Lowest Terrain 

Unfortunately, too many ranges are located so close to airports 
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that it is physically impossible to come over the range station high 
enough to miss obstructions or get a clean cone ot silence,and still 
let down tor the tield and land without making a turn. A typical 
case is the range station at Washington, D. c. 

To begin with, the cone ot silence at Washington is practically 
non-existent and leans at a dizzy angle to the west ot the station. 
This is probably due to the extreme irregularity or the range pat
tern, the beams having been distorted to maximum positions. In ad
dition, there are high to tairly high obstructions on or near all or 
the beams. The airport itselt is one ot the poorest or the impor
tant airports in the country,with serious close-in approach obstruc
tions on all but one side. Altogether, it is a tormidable situation 
for trying to land under conditions of low ceiling and visibility. 

But while the approved airline minimums tor landing-down
through at Washington are not as lcw as they would be with a better 
range, properly located with respect to even such a poor airport, 
yet these minimums, in spite of all the drawbacks, are a ceiling of 
500 feet with visibility of 1 mile in daylight, 600 feet and 2 miles 
at night. The procedure is to let down toward the lowest terrain in 
the vicinity and if ground contact is established by the time the 
minimum permissible altitude is reached to return to the airport by 
contact flying. 

The initial approach altitude on the northeast leg(from Camden) 
is 1200 feet, on the northwest leg from McConnellsburg - 2500 teet. 
None is established for the west leg which is not used for instru
ment flying. On the south leg (from Richmond) the initial and f1nal 
approaches are consolidated. 

The south (Richmond) leg of the Washington range intersects the 
northeast leg of the Gordonsville range near Quantico, about 35 
m.lles south. Tt-,e only high obstruction on or near that beam is the 
Masonic Memorial Tower in Alexandria which is only about a mile and 
a halr from the range station and about one-half mile to the west of 
ttie south leg. It is 450 feet high. Procedure from the northwest, 
and northeast legs is to cross the station at the initial approach 
altitude, turn out the south leg and when definitely on it lose al
titude to 600 feet. If ground contact has been established at 600 
feet, the pilot then makes a procedure turn to the "A" side (east 
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INSTRUMENT APPROACH MAP OF WASHINGTON 
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side over the Potomac River) and returns to the !ield contact. As a 
matter of strictly accurate tact, i! he is not contact at 600 teat 
he is permitted, in daylight, to return to the range station at 600 
!eet (usually hugging the "A" twilight band because o! the Masonic 
Tower just to the "N" side) and arter crossing the range station at 
600 reet to 1nunediately let down to 500 !eet tor not to exceed 15 
seconds, holding the same course that he held coming toward the sta
tion on the south leg. Then it he does not establish ground contact, 
he starts climbing at maximum rate and bears le!t to pick up the 
northwest leg. Many experienced airline pilots call it •quits' it 
they do not establish contact at 600 reet on the let-down south or 
the station. 

The contact procedure south or the range station at Washington 
illustrates one very important prinSiple applying to all radio 
ranges. Frequently in the course or your procedure and be!ore com
pleting the !ina.l approach you will establish ground contact. In 
such a situation all experienced pilots continue the whole instru
ment procedure in every detail until they can see the airport itselt 
and are ~they they will be able to keep it in sight unt11 they 
land. With a 500 root ceiling it is frequently possible to see the 
ground through holes rrom a considerably higher altitude. It may 
seem that the hole is big enough to enable you to continue contact 
to the airport. But it you can't see the airport itselt and ttrus be 
sure that there are no lower clouds between you and the airport, the 
sensible thing is to keep right on with your established instrument 
procedure in every detail, just as though you were still blind. 
Even if contact !light had actually been possible you didn't really 
lose anything; it there were lower clouds that would have prevented 
contact !lying all the way to the !ield you are ahead, for you are 
still or. your procedure and can land trom it. I have seen many in
stances where the pilot was contact, got oft the beam, and headed 
tor where he knew the !ield to be, only to lose sight of the field, 
!ind himself back on instruments and have to start his instrument 
procedure all over again, including in some cases a complete orien
tation problem. And I'm talking about airline pilots, not amateurs. 

Thus at Washington, when any experienced pilot has definitely 
established ground contact at 600 !eet or higher while going out the 
south leg, he carries out his procedure turn on the "A" side and 
comes back to the station hugging the "A" twilight or the south leg, 
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"Just in case". 

The IUle: even if you are contact on your final approach, carry 
out your instrument procedure while flying contact until you are in 
position to land. You'll be surprised how many times it wlll save 
you from getting completely lost. 

Type 3 - Letting Down in a Definite Turn 

It is obviously desirable to avoid turns as much as possible on 
instruments, particularly at low altitudes and reduced speed. But 
there are some airports where a turn approach is the only feasible 
approach for very low ceiling and visibility. 

In my opinion, Wayne County Airport near Detroit, Michigan, is 
a perfect example of such a case. Because it involves a loP.g turn 
(283°) at low altitude and comparatively slow speed, it borders on 
the dangerous for large, fast planes of airline type, and is there
fore not approved for airline use. For smaller, more maneuverable 
airplanes, in the hands of expert instrument pilots, I believe it to 
be quite feasible. 

The approach is based on the mathematics of the turning radius 
of an airplane in a nonnal 2 minute turn, which you will remember is 
approximately a 15° bank. An airplane moving at 90 miles per hour 
covers three miles in two minutes; an airplane moving at 120 miles 
per hour covers 4 miles in two minutes. If the airplane is making 
an accurate two minute turn, three miles will be the circumference 
of the circle flown in this turn at an air speed of 90 miles per 
hour, four miles the circumference at 120 miles per hour. Obviously, 
this is true regardless of the size of the airplane - whether it be 
a Taylor Cub or a Douglas DC-3. 

The radius of a circle having a circumference of 3 miles is 
Just less than 1/2 mile (.4774+ miles to be exact); the radius of a 
circle having a circumference of 4 miles is aln:ost exactly 5/8 of a 
mile (.6366+ miles). Therefore, in a normal (two minute) turn, the 
turning radius of ~ airplane having an air speed of 90 miles per 
hour ls 1/2 mile; with an air speed of 120 miles per hour it ls 5/8 

mile. 

Wayne County Atrport ls a mile square,except for a little slice 
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ott the northwest corner; its surface is excellent throughout; it 
has good paved runways, flush type runway lights and no obstructions 
on or near the airport, except the usual hangars, trees, houses,etc. 
Altogether, it is one of the best airports tn my experience. 

It is equipped with a radio range having nearly a 90° quadrant 
pattern, good clean alignment of beams and an unusually clean and 
distinct cone of silence. But unfortunately the range station is 
located at the worst possible place that could have been chosen tor 
it, right in that little slice off the northwest corner or the 
field. You can step from the range station to the !ieJd, but the 
only way to come over the range station high enough to be sure or a 
cone or silence and land straight in would be to do a nose dive. 

However, it an airplane nade a final approach on the south leg 
and made a nonnal turn to the left it would cross the west lAg or 
the beam heading approximately south, one mile out (twice the turn
ing radius) it traveling 90 miles per hour; 1-1/4 miles out it 
traveling 120 miles per hour. If the turn were continued to a head
ing of east, a 283° turn would have been completed, requiring 1 min
ute and 34 seconds; and i! the airplane were straightened up on the 
east heading and held east, it would cross the south leg halt a mile 
south of the station i! traveling 90 miles per hour; 5/8 or a mile 
south of the range station traveling 120 miles per hour. 

90 M.P.H.-<·.:=--:.:~ 
; I ~ .. 

I 
I 

'. \ 

t.~~~~ 
120 M.P.H. 

TURNING RADII OF A."J AIRPLANE AT 90 11.P.H. AND J\T 120 11.P.H. 
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The south leg or the beam lies almost directly over the west 
boundary or the tleld; thus in crossing the south leg or the beam at 
these distances from the range station what you are really doing ls 
crossing the west boundary or the field approximately at its middle 
- and even it still on instruments you would know you were over the 
boundary with a full mile or very excellent and unobstructed airport 
ahead or you. 

Any instrument pilot can do an accurate normal turn - that ls 
basic. It he ls worth his salt he can do an accurate normal turn 
and at the same time lose altitude at 500 teet per minute while 
holding his air speed somewhere between 90 and 120 miles per hour. 
The 283° turn requires approximately 1-1/2 minutes, and 1-1/2 min
utes times 500 feet per minute ls equal to 750 teet. This, plus his 
minimum sate altitude or 300 feet, would mean a final approach al
titude over the range station or 1000 feet above the ground (1630 
teet above sea level). And the Wayne County cone or silence at 1000 
teet ts one or the best. 

Therefore, my idea or a final approach and letting down pro
cedure at Wayne County ts to approach the station on the south leg, 
1000 teet above the ground (1630 teet above sea level), with the 
ship slowed down to 120 miles per hour or less, wheels down, props 
flat. Inuned1ately on proving the cone ot silence (build-up, dead 
spot, surge and beginning of fade) throttle back and start a normal 
turn to the left. As soon as the turn ts established, control rate 
ot descent to 500 feet per minute by throttle, maintaining air speed 
between 90 and 120 miles per hour by elevators, and just take it 
easy; sit there and hold the turn, rate or descent and air speed. 
For the first minute you'll be in the northwest "N"; then you will 
cross the west leg, at which time you'll be heading approximately 
south, and will be from one mile to a mile and a quarter (depending 
on your air speed) west or the station. 

You will now be hearing the "A" or the southwest quadrant and 
will need to get on your toes a bit, tor you have several things to 
do: 

(1) Don't let the altimeter get below 300 feet (930 feet 
above sea level). 

(2) Keep that air speed under control. 
(3) Straighten up on reaching east,whlch is a cinch with 
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MAP OF WAYNE COUNTY AIRPORT AND RANGE 
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a directional gyro and allllost as easy with a mag
netic compass, since the compass tells you when you 
are east in a turn made through or out or south. 

It these steps are executed pertectly,you are now heading east 
(toward the airport) at 300 feet above the ground, in the southwest 
"A" quadrant about 1/2 mile west or the west boundary or the air
port and about lined up tor the middle or the field. You have halt 
a mile before reaching the west boundary or the field in which to 
get your altitude down to 300 feet if it is not already there, to 
get your air speed slowed down a bit more 1! you desire (since no 
more turning is required), and you are probably underneath looking 
at the full mile or airport dead ahead or you, and are in an excel
lent position tor a landing. 

This is one aural range system on which, if you were caught and 
had to, you could make a completely blind landing with considerably 
less than the usual hazard or such a landing. Suppose, instead of 
being at 300 feet and seeing a mile or airport just ahead, you were 
at 300 feet and still blind. The airport is still just ahead or you 
even though you can't see it. Hold your heading or east, your alti
tude or 300 feet, and slON your ship down to just above the minimtm1 
speed that gives you good control and no "squashing" in straight 
!light. In just a few seconds you will cross the south leg (from an 
"A" to an "N" signal). You know that you are now directly over the 
west boundary or the field, at about its middle, with a full mile or 
airport ahead or you. Close your throttle and glide at normal speed. 
It you can't see the ground at 100 feet, crack your throttle, keep 
just above stalling speed and "squash" in. It you haven't landed or 
picked up the ground within 20 seconds after crossing the boundary 
ot the field, your altimeter will be registering something less than 
zero (or 630 feet above sea level), and it is time to pull up,tor 
you will have just about run out or airport and you will know that 
the trouble is in your altimeter. Get a corrected setting tor your 
altimeter by radio or try it all 100 feet lower. 

The principles or this type of approach can be applied to many 
stations when (1) the range station is practically on the airport, 
(2) one leg or the beam defines a boundary or the field, and (3) 
there are no obstructions near the !light path of the airplane. I! 
the airport is small (Wayne County is a mile square) it is possible 
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to go out past the station the number or seconds which you estimate 
it would require to fly halt the length or the field, then start 
your turn. This will enable you to cross the beam which defines the 
field boundary at about the middle or the field. At small airports 
with a low celling this procedure 1s definitely dangerous, since 
only a little drift or error 1n the turn or air speed would bring 
you out wide or the field. It has limited uses at small airports 
with fairly good ceilings and visibilities; at large airports (such 
as Wayne County and Cleveland) it is useful even with near minimum 
conditions. At snaller airports with near minimum conditions it is 
definitely a "last hope" procedure. 

Take Columbus, Ohio, !or example. The west leg lies almost 
over the north boundary, but the field is only a little more than 
halt a mile square. Hal! or halt a mile at 90 miles per hour is 
covered in 10 seconds. I! the "turn approach" type or letting down 
were applied at Columbus (though not at all recommended) the final 
approach would be on the west leg, about 1000 feet above ground, 
After definitely proving the cone or silence, you would continue 
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straight ahead some 8 or 10 seconds and then start a normal turn to 
the left, holding that turn until you reached a heading of south. 
In a ff1io/ more seconds you would cross the west leg, still heading 
south and, if still blind, at 300 feet above ground. But with poor 
visibility there are two very bad factors here: (1) there is only a 
half a mile of airport ahead of you and (2) with a boundary as short 
as that and an appreciable drift you couldn't be sure, when you 
crossed the west leg, that you were not wide or the field. 

Colt.unbus is shown here only to illustrate the principle or go
ing peyond the station to start the turn so as to end up over the 
middle or a boundary. The objections that have been raised to this 
type or approach are perfectly valid and particularly applicable 
here: This type or approach should not be used when a straight-in 
type or a let-down to low terrain can be worked out. 

IV. Pulling Up 

There is a limit of altitude or time or both beyond which it is 
unsafe to go in letting down on instruments tor a field. This limit 
is designed to cover normal altimeter errors, to keep.you well short 
or obstructions and to provide a margin for climbing above them. It 
is just as important to know how to pull away from a field safely 
when contact has not been established at the minimum as it is to 
know how to get down to that minimum. The method depends on what 
obstructions lie on the flight path and varies with each airport. 

The first fundamental or pulling up is to inunediately open the 
throttle as wide as engine limits will permit, and hold the airspeed 
at best climbing speed - in other words to climb at maximum rate of 
climb. The second is to follow a pre-determined flight path, usu
ally toward the beam or quadrant with lowest terrain, so that you 
avoid obstructions by both track and altitude. One warning note 
should be sounded: at such a time most airplanes will become very 
tail-heavy when full power is applied. Watch your air speed; keep 
it at best climbing speed with your elevators and stabilizer. 

At Nf1io/ark, the minimum is 300 feet, but directly ahead on the 
approach is a stack 365 feet high. The maximum time limit of one 
minute from the range station is established so that you can start 

· the climb, even with a tail wind, long before reaching that stack. 
In addition, standard pull-up procedure at Newark requires that as 
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the climb is established the airplane shall proceed out the north
east leg, climbing to 1500 reet. The pilot contacts his company 
ground station or the airport control tower ror instructions during 
this climb, and i! permitted to make another approach, makes a pro
cedure turn on the northeast leg, and returns to the station on the 
northeast leg. In making th1s climb, most pilots detour a little to 
the right, because the high stack is almost directly on the north
east leg. This procedure avoids the obstruction by both altitude 
and !light path. 

For your own range be sure that you have a definitely sare 
place to start such a climb and a definite !light plan which will 
(1) avoid the highest obstruction and (2) put you in such a position 
that you will definitely know your location with respect to some 
beam when you have completed your pull-up. It is very easy arter 
going through the strain or a missed approach to lose track or your 
position mom~ntarily. By having and following a definite pull-up 
procedure you can concentrate on getting up and out or the danger 
zone and when your pUll-up is completed you will know where you are. 
In that way you will avoid having to go through an orientation 
problem before you start your next move. 

CAUTION 

This chapter should have demonstrated to every pilot that while 
instrument approaches to very low altitudes over airports are en
tirely sare and feasible, they are sare only when the airplane is 
properly equipped, when the pilot is entirely familiar with the air
port, and its obstructions, the range and its terrain, when he def
initely knows and has practiced the instrunent approach procedure 
ror that range and airport. 

The Goverrunent approved minumums ror letting-down-through are 
set slightly lower ror scheduled airline operations than ror itin
erant pilots. The reasons are that the airline pilot has proved 
his ability to make difficult instrument approaches over and over 
again; he has practiced that particular approach time and time a
gain; he knows that range, its bends and multiples, its 'bugs', that 
airport and its obstructions, intimately. He has every aid in the 
airplane that human ingenuity has been able to devise and all or 
these aids are kept constantly in the pink or condition by expert 
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maintenance men. He has another pilot in the cockpit with him to 
check his every move, to look out for the ground for him (thereby 
enabling him to devote his entire attention to the instruments) and 
he has a trained organization on the ground supplying him with in
formation and assistance in many forms. Each of these things mater
ially assists in making the approach safe. 

The itinerant pilot has very few of these advantages. No mat
ter how expert an instrument pilot he may be, he is just asking for 
trouble when he sticks his neck into a situation where ceiling and 
visibility are so low that a really tight instrument approach must 
be made. For his safety there must be not only plenty of ceiling 
and visibility underneath in which to maneuver after breaking out, 
but a good healthy margin of both ceiling and visibility. 

Take just one factor mentioned above - that the airline pilot 
has a copilot to keep watch for the ground. This enables the pilot 
to concentrate on his instruments. Sounds like a little thing, but 
this is really one of the big factors. Under conditions of poor 
visibility the ground is frequently hard to see. As you get lower 
and lower the temptation to look away from the instruments and out 
of the cockpit is almost irresistible. The ground is hard to see 
and you keep looking for it lor.ger than you intended. That one or 
two seconds you intended to look grows to five or ten. But neither 
you nor I nor anyone else can fly instruments without constantly 
watching the instruments, and that is particularly true at reduced 
speed, low to the ground. The airline pilot making an approach never 
takes his eyes from the instruments until the copilot tells him that 
the ground is visible - and the copilot does not announce that until 
the ground is so plainly visible that he knows the pilot can com
plete his lar.ding entirely by contact flying. Without that aid a 
pilot is under a terrific handicap for which there is no satisfac-
tory cure. The nearest approach to a cure is to concentrate on his 
instruments - never to take his eyes from them except for a short 
quick glance over the side. Then, if the ground is not plainly vis
ible, immediately he must go back to his instruments, carrying out 
his approach procedure for another 10 or 15 seconds or another 100 
feet of altitude before looking again. 

Early in this book I said that it was vital for each pilot to 
know his own limitations and to stay well inside them - that the 
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most important thing to know about instrument !lying was to know 
when not to do it. That is not Just a phrase, but a thing I mean in 
all sincerity and on which I am amply qualified to speak. I had 
several reasons tor writing this book, not the least or which was a 
desire to do my part in bettering the general pro!iciency or my fel
low pilots . But 1! in bettering your proficiency I have also ex
tended an invitation tor you to go out and break your neck, it would 
be better 1! the book had not been written. Take it easy; play it 
sate. Bad weather is ser19us business. Instrument !lying can be 
done safely under proper conditions by a properly trained and ex
perienced pilot having the proper equipment and aids to work ~1th . 

But there are very definite limits even tor the best pilots and the 
best equipment. Know yours . Respect them. Live long, 
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CHAPI'ER VI 

INSTRUMENT FLIGHT TEST 

Regulations 

The Civil Air Regulations which became ettective on May 31, 
1938 (CAR 20.212 to 20.2126 and CAR 21.177 to 21.1776) state that 
the instrument flying portion of the test for an Instrument Rating 
or an Airline Pilot Rating shall consist of the following: 

"(a) Straight, level flight tor a given period ot time. 
(b) Moderately banked 180° and 360° turns in both directions. 
(c) Minimum glides and maximum climbs,and approaches to stalled 

attitudes of·flight. 
(d) Climbing turns. 
(e) Stalls, skids, slips and spirals, and banks in excess ot 

45°, and recovery from the same. 
(!) Such other maneuvers as the examining inspector deems nec

essary. 
(g) A practical denonstration, while in flight or under simu

lated conditions, of estimating arrival time, taking into 
account speed, wind and drift." 

It is my experience that most inspectors in giving this. test 
follow the test routine set forth in this chapter. Therefore, hav
ing practiced the Primary Training Stages to the point that you 
thoroughly understand what you are trying to accomplish in each, how 
it should be accomplished and. why it is done that way, and having 
reached a fair degree ot proficiency in each stage, I reconunend that 
you continue your practice by following the test routine. The test 
will require you to demonstrate your mastery of each ot the problems 
analyzed in the Primary Training Stages; it will help you in your 
test if you have practiced them in the sequence used in the t'est. 

Before getting into the airplane to start your test, have a 
definite understanding with the inspector ot the maneuvers he will 
ask you to perform, the order in which he wants them demonstrated 
and the signals or instructions he will give you. 
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The inspector will ta.l<e orr and usually will turn the ship over 
to you about 200 feet orr the ground and call for a climbing spiral. 
Ordinarily this will be a left spiral to 1500 feet above the ground, 
a right spiral to 2500 reet about the ground. 

In this maneuver, concentrate on~ instruments, the turn and 
bank indicator and the air speed indicator, watching the altimeter 
out or the corner or your eye. 

Keep the turn or the spiral somewhat slower than a standard two 
minute turn (the bank shallower than 15°). A good average ls to 
center the inside corner or the turn needle on the outside corner or 
the center lubber line (see Figure l); keep the air speed steady. 

FIGURE 1 

In rough air such a very shallow bank may cause over-control
ling, in which case it may help to ma.l<e the spiral wlth a run 15° 
bank (two minute turn). 

Remember in flying by instruments always to keep a safe margin, 
a bigger margin than would be necessary in contact flying. Ir the 
"best climbing speed" or the airplane is 65 mlles per hour, a good 
climbing speed on instruments would be 75; if the best climbing 
speed, contact, is 100 mlles per hour, on instruments use 110 miles 
per hour. Lord help the applicant who inadvertently stalls an air-
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plane on a test! 

Remember that a steady air speed will produce a steady climb; a 
steady turn indicator will produce a smooth spiral. The rate of 
climb indicator has no value or usefulness in this climb;two instru
ments AND ONLY TWO - the turn and bank and air speed - do the trick. 

Form the habit of adjusting your stabilizer so that the air 
speed nay be kept constant without press\ll'e on the stick. When the 
inspector turns the ship over to you, the chances are that neither 
throttle nor stabilizer will be properly set for your climb; get 
them ~ set as quickly as possible,first the throttle and then the 
stabilizer; do this while you are getting your air speed and rate of 
turn established, or at the earliest possible moment. 

we all know the value of first impressions. This climb is the 
first flying you do for the inspector. A steady climb and a smooth 
even spiral will get you off to a head start. 

On Trtmming Ships 

At 2500 feet above the field, or whatever altitude the inspec
tor may have told you to climb to and hold, level off and trim ship 
for cruising. One thing you will be graded on is your ability to 
keep the ship at the altitude set by the inspector, which, for the 
p\ll'pose of these instructions, will be considered to be 2500 feet 
above the field. This may vary, however, with different locations 
and different inspectors. 

When your altimeter gets to 2500 feet above ground, center the 
turn indicator (stop the spiral) and smartly roll the stabilizer 
forward until the ship is definitely (and at the air speed of your 

· climb, excessively) nose heavy. Leave the throttle alone. With the 
elevators, hold the rate of climb exactly on "O". The ship will 
imnediately pick up speed due to level nose and excess power. Just 
as the air speed indicator gets to your normal cruising speed, close 
the throttle to normal cruising r.p.m. Your throttle ls then set 
for cruising, your altitude is still 2500 feet (if you have kept the 
rate of climb at "O") and, due to proper throttle setting and level 
flight, you now have normal cruising speed, so that it is possible 
now to adjust the stabilizer, which you will proceed to set for 
bands-off flight at cruising speed. 
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The trick is to keep that rate of climb exactly on "O" and your 
turn and bank indicator exactly centered while you're adjusting 
throttle and stabilizer. If you keep the rate of climb exactly on 
zero, there will be no change in altitude. (The nonnal tendency is 
to gain altitude.) You may find that before you have the stabilizer 
exactly set, the r.p.m. has changed slightly from the desired fig
ure. Check the rate of climb and air speed, particularly the air 
speed , and if they are correct reset the throttle and then proceed 
to the final adjus1lnent at the stabilizer. 

move. 
And don't be afraid to give the stabilizer a good substantial 

For ships which have adjustable stabilizers instead of ele-
vator tabs, give it a complete revolution; if still nose-heavy, give 
it anottier complete revolution and keep on giving it a !!!.!! turn at 
a time until the ship finally gets tail heavy; then back off half a 
revolution; then adjust a quarter revolution. Keep splitting the 
difference. I've seen pilots, good ones, spend 15 minutes getting a 
ship trtnuned because they only wanted to roll the stabilizer about 
an inch at a time; the whole job should be done in a minute or less. 

By using this method, the tendency to gain altitude while trim
ming the ship is eliminated, and by adjusting first one control (the 
throttle) and then the other (the stabilizer), the process of trim
m1r:g the ship ts greatly simpl1f1ed,and the time required shortened. 

As soon as you have the ship trimmed, notify the inspector. 

Remember further that there ts nothing sacred about a stabili
zer setting. The stabilizer ts there to use; its proper use makes 
your job of flying much simpler and easier. It at any time ~ 
you are flying straight you find that the ship ts out of trim, ad
just the stabilizer accordingly. It will greatly simplify your job 
of holding your assigned altitude correctly. 

Straight Flight 

The inspector will probably have you fly the ship straight 
ahead for two or three minutes, or may gtve you a compass course to 
ny. Remember that a compass course is flown by keeping the turn 
indicator centered, checking against the compass when conditions are 
such that the compass will tell the truth. You can't fly a compass 
course by watching the compass; you must watch the turn indicator. 

155 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



INSTRUMENT AND RADIO FLYING 

When the turn indicator is exactly centered, the ball exactly cen
tered, the rate of climb on "o" and the air speed steady, and this 
condition has prevailed tor not less than six seconds, then and~ 
only will your compass tell you the truth. Look at it then; if it 
indicates the heading you desire, keep your turn indicator exactly 
centered and you will continue on that heading; if it indicates a 
different heading than you desire, turn to the desired heading by 
using your turn indicator and the second hand of the clock, or by 
using your known compass errors,or both. When you have reached this 
heading, center your turn indicator and keep it centered and when 
all your other instruments as well as the turn indicator have been 
normal tor at least six seconds, check with the compass. 

It the inspector gives you a compass heading to fly, use the 
table of compass errors in Chapter II to get on that course. Always 
turn to the heading the shortest way, that is, if you are heading 
east and he tells you to head south, turn 90° to the riS)lt instead 
ot making a 270° turn to the left. 

180° Turns 

The next maneuver will probably be to make, accurately, 180° 
turns left and right. Refer to Chapter II, Primary Stage 6, tor de
tailed instructions on handling this maneuver. On completing a 
turn, it is essential to hold the new heading long enough (keep the 
turn indicator centered) tor the inspector to see that you are 
really "set" on it. 

It you have been able to get the ship on a cardinal compass 
point before starting the turn, the compass errors in Chapter II 
will be a check on the accuracy of your turn. Keep the rate or 
climb level and the altitude at 2500 feet. 

360° Turns 

Some inspectors will require you also to make 360° turns left 
and right. They are made precisely as the 180° turn, except that 
the turn is held tor exactly two minutes instead of one minute. 

Steep Banks 

Non:tally, the next maneuver will be steep banks (at least 45°) 
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which are held until you are signalled to straighten out by the in
spector. You will be graded on the smoothness with which you start 
the turn, the steadiness with which you hold the bank, the accuracy 
with which you hold your altitude, absence ot skidding or slipping, 
the smoothness with which you straighten up, the accuracy ot keeping 
the turn indicator centered on and attar straightening up {this in
dicates how well you can control your sense ot feel), and your abil
ity to hold the nose level on and attar straightening up. 

To make a steep bank, start your turn with the rudder, 'feeling 
in' just enough aileron to keep the ball centered. Lead with the 
rudder and follow with the aileron. Correct any tendency ot the 
turn indicator to come inside the position you want by applying 
pressure to the tottom rudder; any tendency to lie outside the pos
i tlon you want {steepening the bank - tightening the turn) by apply
ing pressure to the top rudder. In so doing, you will keep your 
bank steady by keeping your rate ot turn constant. 

Going into your bank and while holding it, watch the rate ot 
climb and keep it on •o•. As long as you keep the rate ot climb on 
"O", you will neither gain nor lose altitude. In a steep bank the 
nose tends to get very heavy, which ls fundamentally corrected by 
the elevator. As you apply more elevator pressure, there will be a 
tendency to tighten up the turn (due to the rudder ettect ot the 
elevator in steep banks) which ls counteracted by applying top rud
der. The top rudder also helps to hold the nose up, but it applied 
too soon will shallow the bank. 

Remember the fundamentals ot the 1-2-3 system. You are going 
to control the turn indicator with your teat. No matter how heavy 
the nose may get, you will QQ1 apply top rudder unless the turn in
dicator moves out beyond the proper point. Instead you'll bring the 
climb indicator back to level with elevators alone. Don't be afraid 
to put 'beer• on the elevators; your stick won't pull out, but even 
it it should, the inspector still has one. It you have too much 
elevator, the climb indicator will show it by going above "O" and 
the turn indicator will show it by moving out too tar. With prac
tice, you will learn to adjust the pressure by the speed with which 
the climb indicator moves. 

You will also find that 1t the needle gets above "O" 1t 1s not 
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necessary to push the stick forward to lcr.ver it. The nose is so 
heavy that if you will just ease off a little bit of the heavy stick 
pressure you are carrying, the nose will come down very quickly. 
But the climb needle lags behind the nose; it speaks entirely in the 
past tense, so by the time it starts down,you know that the nose has 
already gone down some two to five seconds before. Do not wait un
til the needle gets back to "O" before resuming the heavier eleva
tor pressure on the stick, but at the first indication that the 
needle is starting down, come back on the stick. 

On the contrary, any time the climb needle gets below "O", put 
on more stick pressure at once and do not ease off until the needle 
gets all the way back to level. In a steep bank, the climb needle 
has a lot of momentum going down but practically none coming up. 

To straighten up from this steep bank, ~ with top rudder 
follow by •feeling in' just enough aileron to keep the ball cen-
tered. The top rudder will tend to pull the nose of the ship up, 
which is most quickly detected by a tendency of the air speed to 
fall off. As you straighten up from the bank, watch the air speed 
and keep it steady (cross checking with the rate of climb) and you 
will have no nose trouble. Bring the turn indicator squarely back 
to center with your feet, and keep it there; bring the ball squarely 
back to center with the ailerons and the air speed squarely back to 
cruising with the elevators and keep them there, and the job is 
done. 

Guard against the tendency for the turn indicator to slide off 
and the nose to come up just about the time you are congratulating 
yourself. Remember that it only takes two instruments at a time to 
do the job. While going into your bank and while holding it you are 
interested in the turn and bank Indicator and the rate of climb in
dicator only; as you straighten up and particularly as the turn in
dicator gets back toward center, forget the rate of climb,and trans
fer your attention to the air speed indicator. With the turn in
dicator getting near center, the only two instruments in which you 
are interested are turn and bank indicator and air speed indicator. 

Ordinarily, there will be a steep bank, both left and right, 
with the inspector telling you when he wants you to straighten up. 
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Recoveries from Abnormal Positions 

The next stage or the test will probably be recoveries from ex
treme positions. The inspector will take the controls, start a 
w1ng~over, steep nose-up or nose-down spiral, slips or sk1ds,stalls, 
etc., and at a given signal will expect you to bring the ship back 
to a straight and level position. For a detailed study or these 
recoveries, refer to Chapter II, Stage 10. It ls not essential that 
you hold your altitude accurately 1n this portion or the test and 
ordinarily 1t will not be necessary to use the throttle, unless the 
inspector makes some change 1n the throttle setting. In your prac
tice or these recoveries, after you are doing a good job with the 
safety pilot leaving the throttle alone, have him pull the throttle 
at some point 1n all or them, and practice both the recovery and 
the resetting or the throttle. Pulling the throttle ls a favorite 
stunt or some inspectors 1n this portion or the test. 

Remember that this job ls done almost entirely on two instru
ments, turn and bank indicator and air speed indicator. When you 
have the ~ or the air speed established in the desired direc
tion, then cross check with the rate or climb indicator. 

Glides and SlOIV Flight 

You may be required to make straight or spiral glides, or to 
demonstrate slOl'I flight. Hold the air speed at the desired point 
with the elevators (and stabilizer); control the rate or climb with 
the throttle; control the speed or turning or spiralling, or fly a 
straight course, by the turn indicator, which ls in turn controlled 
by the rudder. Always work toward accuracy and smoothness in prac
ticing or demonstrating these maneuvers. 

Arrival Time, Speed, Drift 

The last feature or the test outlined in the first paragraph or 
this chapter provides for "(g) A practical demonstration, while in 
flight or under simulated conditions, or estimating arrival time, 
taking into account speed, wind and drift". This part or the test 
was added with a recent change in regulations. I have had no 
personal experience with 1t as given in a test for an Instrument 
Rating, but I have talked it over with several inspectors who agree 
in interpreting it as the demonstration or several features or a 
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flight plan and use of a computer. Instead of giving this part ot 
the test in flight, or at least under a hood, they plan to give it 
on the ground. And they intend to be quite thorough about it. 

Two main lines or divisions of interrogation are likely: the 
first will involve the use of a navigation computer; the second will 
involve judgment of weather. 

In this test the inspector may give you an indicated air speed, 
free air temperature, force and direction of the wind, CO'l.ll'se and 
distance to be flown. The course may be given as "true" or "mag
netic"; if the fonner, be sure to convert it to magnetic by applying 
magnetic variation and possibly deviation. Remember that the direc
tion of the upper winds is always given in tenns of "true". He will 
require you to give him, (1) magnetic course, (2) true air speed, 
(3) drift angle, (4) compass heading, (5) ground speed and (6) time 
required to complete the flight. In figuring the latter, don't for
get to consider the difference in speeds of your climb, your cruis
ing and your descent. In airline work we compute a separate drift 
and ground speed and time for the climb (using the average wind); 
for each leg of the flight, that is, between each check point or ra
dio fix; and also for the descent. 

Or the inspector may simply point to two radio fixes on the map 
and give you an elapsed time between these two fixes. From this you 
will compute your estimated time over the next check point. 

He is most apt to pick two points on the map, hand you the cur
rmt winds aloft (technically "Upper Air") report, tell you to use 
the performance of your own airplane and make a flight plan giving 
him (1) the distance to be flown, (2) true and magnetic course, 
(3) drift, (4) heading, (5) ground speed, (6) time over each check 
point and the destination. To do this properly you will have to 
select the most favorable flying altitude from the standpoint of 
winds. Be sure you select the correct (odd or even) altitude for 
that airway, that you use the correct altitude through any zones of 
intersection along the route, and be especially careful to select an 
altitude high enough to clear all terrain by at least the legal 
margin. Don't forget the alternate airport. 

Keep a weather eye open for catch questions on these problems. 
He may introduce the subject of fuel consumption and give you a 
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course to !ly that cannot be done in your airplane without refuel
ing. 

Or he may assign you an air speed (either true or indicated), a 
heading and time between two check points and have you figure (1) 
ground speed, (2) drift angle and (3) torce and direction or the 
wind. This is merely working the other problems backward. 

The above problems will probably sound very di!!icult and com
plicated to a pilot who is not accustomed to the use or a computer, 
but any or the computations can be worked out in a rew seconds with 
a good computer. When you buy your computer the directions which 
accompany it may sound a bit bewildering at first. However, 1! you 
will work them out a step at a time, tollCMing the directions given, 
there is nothing the least di!ticult in learning to use it. The 
only thing you have to do is practice each type or problem indicated 
above until you knCM how to work your computer. Most or these com
puters are small enough to be handled easily in the cockpit. You 
will need to use one constantly in the cockpit when making an actual 
!light on instr1.J11ents along an airway. Just as with any other prob
lem or instrument !lying, intelligent practice will enable you to 
handle it. 

Until recently the standard types or navigation computer have 
been the various forms or Dalton computers -tor cockpit use the Mark 
VII (Navy) and Type 2 and 1-A (Army) have been the most popular. 
About three years ago, Harold Gray,then or American Airlines, worked 
out a simpl1!1ed rorm or computer designed specifically to meet 
the needs or airline pilots. It is much smaller and easier to 
handle in the cockpit than the older types. Interception problems 
(principally or interest to Navy pilots laying out a course to in
tercept a moving carrier) cannot be worked on it, but every type or 
computer problem involved in !lying the airways, making up a !light 
plan, or passing a test tor Instrument Rating can be accomplished 
with it. Until recently these computers were restricted to the 
pilots or American Airlines but the restriction has been lifted and 
they are now available to any one. They cost less than the more in
volved types and rrom my own experience with ntm.erous types I can 
assure you they are the quickest and simplest to use that I have 
seen. They are sold through regular trade channels, their d1str1bu
t1on being handled by Air Associates, Inc. 
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In addition to the flight plan computations the inspector is 
very apt to hand you several different weather sequences for the 
airway selected and have you pick those which are flyable and those 
which are not; to have you pick an alternate airport and to have you 
consider the weather in selecting the altitude for your flight plan. 
Look out for airports which are below the minimums for instrument 
flying (Class X), alternate airports which do not qualify as alter
nates (CAR 60.55), and for icing conditions. In selecting an alter
nate airport don't forget the . fuel requirements. 

This last ("g") section of the test is not flying but is given 
as part of the Instrument Flight Test because it involves the use of 
a very necessary navigational instrument (the computer) and fully 
covers certain things you will have to do on the ground before 
starting, and in the cockpit while making, any cross country flight 
under instrument flying conditions. When you present yourself for 
this test, be sure to have your computer, a protractor and a ruler 
or scale with you. 

When you get back on the ground after your test, the inspector 
is almost certain to ask you how much drift you had on the beam. 
The drift angle, of course, is the difference between the magnetic 
bearing of the beam and canpass heading you flew to stay on it. Be 
sure to observe it, so that you can answer his question and also to 
use that infonnation in your let-down for the field, particularly if 
the let-down does not follow a beam to the field. 

CAR 20.58 states "Every practical and theoretical examination 
and test shall be accomplished to the satisfaction of the Secretary 
and the minimum passing grade in the subject of examination and test 
shall be 70 per cent. Each flight maneuver will be graded separate
ly. Other examinations will be graded as a whole." 

This means that on your written test for rating, which is usu
ally taken before the flight test, a grade of 7af:, for the whole ex
amination is passing, but on your flight tests, both for instrument 
flying (Chapter VI) and radio beam flying (Chapter VII) each separ
ate maneuver must receive a mark of 70'/o in order to pass. Extra 
fine perfonnance on one phase of the test will not compensate for 
poor performance on some other phase. Each part of it must be good. 
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CHAPTER VII 

THE RADIO TEST 

Regulations 

The Civil Air Regulations which became effective on May 31, 
1938 (CAR 20.213 to 20.2135 and CAR 21.178 to 21.1785) state that 
the radio range portion of the test for an Instrument Rating or 
Airline Pilot Rating shall consist of the following: 

"(a) Tuning radio 
(b) Orientation 
(c) Following radio range 
(d) Locating cone of silence 
(e) Letting-down-through on the range by the approved instru

ment approach procedure for the particular airport used in 
connection with the test 

(f) Such other maneuvers as the examining inspector deems nec
essary." 

In Chapter IV several methods of orientation, both quadrant and 
beam identification, were explained. Before you get in the airplane 
to fly your test be sure that you have a definite understanding with 
the inspector as to the method you will use to identify your quad
rant and to pick up and identify your beam. You may use one method 
in the "N" quadrants, another in the "A" quadrants, but he should be 
informed of that. Be sure that you are in agreanent as to the alti
tude of the initial approach, the method of getting on the beam for 
the final approach, the altitude of the procedure turn, the alti
tude and air speed of the final approach, the minimum altitude and 
maximum time of your letting-down for the field, the method you will 
use to signal him that you are over the boundary of the field, and 
the starting time and method of your pull-up procedure. 

Usually there is no landing between the instrument portion of 
the test and the radio portion. After you have demonstrated your 
ability to perform such of the instrument flying maneuvers as the 
inspector may require, he will turn on the radio, or tell you to 
turn it on. 
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Ability to properly tune the receiver is part or your test. In 
practicing on the range you will have learned the exact spot on your 
dial at which the range is exactly tuned. Turn to it. 

In order to find that exact spot, turn the volume guite 1Q!! and 
rotate the dial t.o the point or maximum volume and clarity. Then 
you are accurately tuned. 

Oripntation (Quadrant Identification) 

The first problem is to identity the quadrant in which you hap
pen t.o be flying when the radio is turned on. Detailed instructions 
as to method ot identifying the quadrant are covered in Chapter IV. 

While performing the radio portion or the test, guard against 
any tendency to become even a little sloppy in your airwork. Such 
things as letting the nose get down in turns, slipping or skidding 
turns, flying wing low in straight tligtit, will all count against 
you. Be particularly careful to hold your assigned altitude very 
carefully, within plus or minus 100 feet. 

As soon as you have identified the quadrant tell the inspector 
which it is. 

Orientation (Beam Identification) 

Having identified your quadrant, your next step is to find and 
identify a beam, the method tor which is fully described in Chapter 
IV. 

When you have identified the beam tell the inspector which it 
is. 

Locating the Station 

The next step is to get on the beam and follow it in to the 
station at your assigned altitude, say 2500 feet. This is the "in
itial approach" or your range procedure. When you recognize from 
the build-up, cone ot silence and surge that you are directly over 
the station, signal the tact to the inspector by 'blimping• your 
throttle or shaking the ailerons. 
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Don't call the inspector on the interphone and tell him you 
have missed the station until you know definitely by tading ot sig
!!!l that you have actually gone past it. Time and again students 
have told me they had missed the station just as they were about to 
cross it - and then or course they did miss it. 

Try hard tor a clean cone ot silence. As you tly in to the sta
tion, keep the winds at your altitude and their approximate ettect 
on the courses you must tly to reach and stay on the beam definitely 
in mind. Guard against excessive zigzagging and against over-con
trolling near the station. Use your turn indicator, your ears and 
your ~l 

Preparation tor Final Approach 

Il!Dnediately atter signalling that you are directly over the 
station, head out on the beam or start turning to the beam ~n which 
you are going to make your low (tinal) approach to the station. Un
less there is some reason,such as obstructions or a strong tail wind 
as you will come back to the station, start losing altitude i11Dnedi
ately. Usually a good rate or descent is 300 to 400 teet per min
ute, with the air speed kept at nonnal cruising speed. It the in
spector does not turn ott the radio at this time, pick up your beam 
and stay on it as you go out; it he does turn ott the radio (simu
lating a short wave contact with the C(lltrol tower or company radio 
station tor t1nal instructions) pay no attention, go on out parallel 
to the beam by compass Just as though the radio were on. By the 
time that you get down to altitude he will have turned the radio 
·back on; you know you are somewhere in the vicinity or the beam you 
want. Go over to it and get on it. 

On reaching the altitude tor your procedure turn to head back 
toward the station (normally 1000 teet hi@tler than the tield), trim 
your ship tor level !light at the speed you intend to use coming 
back on the beam to the station (sli@tltly taster than nonnal gliding 
speed tor the let-down trom station to the tield); then make your 
procedure turn. 

Remember! Do everything ahead or time that can be done ahead 
of time so that you can concentrate on those things which are lett. 
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Final Approach to the Station 

Hold your altitude very carefully in this approach; fly with 
one hand on the throttle and control your rate of climb indicator 
with the throttle, keeping close control of your air speed with the 
elevators and stabilizer. 

The inspector will grade you on your accuracy in following the 
bearn, in locating the cone of silence, and on your control of alti
tude and speed, as well as the accuracy with which you let down to 
the field itself. Maximum allowable variation in altitude is plus 
or minus 100 feet from the established altitude. 

Letting Down to the Field 

Upon definitely locating the station, do not waste time telling 
the inspector about it, but 
your heading for the field. 

immediately throttle back and get on 
If you have properly trimmed your ship 

for level flight at just above gliding speed as you came up the 
bearn, the glide will take care of itself for a few seconds while you 
concentrate on heading. Remember it is heading first, glide control 
second. 

If your flight -path from the station to the field follows a 
bearn, guard against over-controlling, Any bearn close to the station 
is very narrow - the one you are following to the field as well as 
the one you followed in to the station. Use your turn indicator 
(checking against compass if possible) to approximate your course; 
make easy but ~ corrections to pick up the bearn and stay on it. 
Having approximated your course, then pay attention to your rate of 
descent, gliding speed and altitude, 

In following a beam from station to field, the distance may be 
such that range signals will be almost completely faded out by the 
time you reach the field, unless volume is turned higher. That is 
just the time you don't want to divert your attention from the rest 
of the approach. If your practice has indicated that this will hap
pen, turn your volume high, as soon as you close your throttle, so 
that you will not lose the bearn by the time you reach the field. 

If your flight path from the station to the field does not fol
lON a beam, but is a compass course or a precision turn, get that 
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established; then pay attention to rate o! descent, gliding speed 
and altitude. 

Remember! The limit o! your approach is a certain altitude or 
a certain elapsed time from the station, or both. I! it is an alti
tude, start easing in throttle about !itty feet or so before reach
ing it; but pay more attention to air speed and altimeter than to 
rate o! climb indicator - the climb indicator is too slow. The alti
meter is important because you want that bottom altitude accurately; 
the air speed is important to keep from stalling or from picking up 
too much speed. 

Tell the inspector when you cross the field boundary. 

Having reached your limit or altitude or time, the inspector 
may have taken the controls. If he has not, open the throttle wide; 
keep your air speed at best climbing rate, and follow the pull-up 
procedure for getting out or there. Demonstrate to the inspector 
that y<1u are just as safe in getting out as you are in getting in. 

You are again cautioned to keep relaxed -- guard against tense
ness. Tenseness nearly always causes over-controlling, particularly 
a tendency to "tight the stick". This not only produces a very 
rough ride tor the inspector but makes your own job or flying the 
airplane and perronning the test doubly difficult. 

Sit back in a comfortable position where you can easily watch 
all the instruments; make only such moves as the instrunents tell 
you to make, use your head and let the airplane do most ot the fly
ing. 

Loop Orientation 

CAR 21.1781 provides that effective January 1, 1939 the orien
tation part or the test tor an Airline Pilot Rating "Shall include 
the use or the radio direction finder with aifficient tests to de
tennine the ability o! the pilot to: 

"(l) home on a radio station 
(2) determine whether the aircraft is heading toward or away 

from the station 
(3) obtain accurate fixes by the use or radio compass." 
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Full instructions tor the handling ot these tests are included 
in Chapter IX ot this book. 

Atter the Test 

Having successfully passed the test and received your instru
ment rating, continue practicing the test procedure, blt use the 
directional gyro and artificial horizon in addition to the primary 
!light instnunents pennitted in the test. See how much simpler it 
is to hold an accurate course, to bracket a beam, stay on it, !ind 
the cone ot silence and hold the correct course letting down tor the 
tield by using turn indicator and directional gyro than by using 
turn indicator and compass; how much easier to control attitude, 
particularly pitch, by artificial horizon than by atr speed indica
tor. Learn to coordinate air speed and rate ot climb changes with 
the up-and-down movement ot the horizon bar, to check bank, as shown 
by the rotary movement ot the horizon bar, with the indications ot 
the tuni. and bank indicator. Particularly, leani to use the direc
tional gyro to control heading. In this connection the snooth and 
accurate job is done by using the turn indicator to control direc
tion and rate or turn; then, when the gyro indicates the desired 
heading, to center the tuni. indicator - you'll be exactly on the 
heading desired. And it's so easy to hold that heading with the 
gyro, tor it you vary trom it the gyro instantly shows how much. 
Practice setting the gyro with the compass; the only ditticulty will 
be in picking the right time to set the gyro, the right time being 
the time the compass is telling the truth - turn indicator exactly 
centered, ball exactly centered, rate or climb exactly •o• and air 
speed steady. Form the habit ot checking the gyro against the can
pass periodically when the ship has been !lying along straight and 
level tor a time. Observe how the compass swings with every move ot 
the airplane while the directional gyro steadily indicates heading 
no matter what the attitude ot the ship. Try it in rough air, and 
thailk the Lord you no longer have to depend on a S'linging compass to 
keep on course. 

Since you already have a good knowledge ot the primary instru
ments it will take only a short time to leani. to use the directional 
gyro and artificial horizon correctly and even less time to realize 
why their simplicity, freedom trom lag and other errors, and ease ot 
interpretation make possible the satety and accuracy ot modeni. in-
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strum.ant flying. 

It you plan to do actual instr1.ment flying make it a point to 
practice frequently in good weather, if possible with a critical 
check pilot as observer. Accurate, safe instrument flying calls tor 
skill and skill requires practice. 
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CHAPI'ER VI I I 

THE WRITTEN TEST 

Eligibility 

To be eligible to take the test tor an Instrument Rating or 
Airline Pilot Rating, the Civil Air Regulations which became errec
tive on May 31, 1938, specify the following: 

(For an Instrument Rating) "20.211 Aeronautical Exper
ience: Applicant shall have logged at least 200 hours or 
solo !light time as prescribed in part 20.146, including a 
minimum of at least 20 hours of instrument !lying instruc
t ion and practice, and shall be possessed or a valid pri
vate, limited commercial or commercial pilot rating. In 
lieu of not to exceed 10 hours of the foregoing 20-hour 
requirement applicant may show an equal or greater amount 
of instruction and practice under simulated conditions aP
proved by the Secretary." (Author's note: Link trainer) 

Of course to pertonn a flight under actual instrument flying 
conditions the pilot must also be possessed of a valid and appropri
ate radio license issued by the Federal Communications Commission. 

(For an Airline Pilot Rating) "21.16 Aeronautical Exper-
ience: Applicant shall comply with the follONing require
ments: 21.160 (a) Applicant shall be possessed of a valid 
commercial pilot rating, or equivalent as detennined by 
the Secretary. 

21.161 (b) Applicant shall have logged at least 1,200 
hours of certified solo flying time within the last 8 
years, of which at least 500 hours shall have been in 
cross-country flight, and of which at least 5 hours of 
solo !lying time shall have been logged within the 60 days 
last preceding the date of filing the application. 

21.162 (c) Applicant shall have logged at least 100 hours 
of solo night flying, of which at least 50 hours shall 
have been cross country over lighted airways. 
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21.163 (d) Applicant shall have had at least 20 hours or 
instrument flying instruction and practice. In lieu or 
not to exceed 10 hours or the foregoing 20-hour require
ment applicant may show an equal or greater amount or in
struction and practice under simulated conditions approved 
by the Secretary." 

Before taking any tests for either rating the applicant must 
complete the proper application forms setting forth his qualifica-
tions ror satisfying the eligibility requirements. The application 
being 1n order, the inspector will usually have him complete the 
written examination before giving the flight tests. 

When you present yourself to the inspector to take the test, be 
sure to have your pilot certificate, log book and radio license with 
you as well as a protractor, navigation computer and straight-edge 
or scale. 

The Radio License 

The radio license required to operate a radio transmitter and 
therefore required ror actual instrument flights is known as the 
"Radiotelephone Third Class" - sometimes called "Aeronautical Third" 
and ls usually obtained before taking the instrument rating test. A 
higher class radiotelephone license is, or course, acceptable. To 
obtain this license 1t is necessary to be a citizen or the United 
States, to present yourself at any or the district offices or the 
Federal Communications Corranission and pass a written examination. 
No practical or operating demonstration is required, When the li
cense is issued the "Oath or Secrecy" on the back or the license 
must be executed before the license becomes effective. 

As will be seen from the typical questions in Appendix "B", the 
test is quite-simple and is concerned chiefly with the laws and reg
ulations covering the operation or radio equipment and a rew elemen
tary "trouble shooting" subjects. Appendix "B" lists twenty ques
tions and answers typical or those which constitute the bulk or the 
examination for the last several years. There are several manuals 
available designed to prepare candidates to pass the examinations 
for different grades or radio licenses, the most popular being "Ra
dio Operating Questions and Answers" by Nelson and Hornung,published 
by McGraw-Hill. These manuals include sets or questions and answers 
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!or all grades of licenses. Unless the C011Dnission changes it policy 
as to tests it is believed that familiarity with the typical ques
tions in Appendix "B" will enable you to pass the test !or the Third 
Class License. 

INSTRUMENT RATING 

CAR 20.210 states "Aeronautical Knowledge: Applicant shall 
be familiar with the use of such instr1..U11ents and other 
navigational aids, both in aircraft and on the ground, 
as are deemed by the Secretary to be necessary !or the 
navigation of aircraft by instruments, and with meteor
ology as applied to weather analysis and !orecasting,and 
the applicant shall satisfactorily accomplish a written 
examination thereon." 

The written test usually !alls into !our parts: regulations, 
instruments, radio and weather. 

For the questions regarding regulations it is essential that 
you know Air Traffic Rules (CAR 60.), Airway Traffic Control Pro
cedures (Air Commerce Manual 60} and CAR 04.51 thoroughly and com
pletely. Questions on the minimum safe altitudes, altitudes on air
ways and through airway intersections, weather min1m1..U11s, the meaning 
of "C", "N" or "X" preceding a weather report, alternate airports, 
listing of all the elements of a !light plan, procedure !or chang
ing a !light plan, necessary pilot and equipment qualifications !or 
instrument !lights, the regulations covering departures and arri
vals, take-of! and landing regulations and procedures (control tower 
contacts and clearances), the special authority vested in certified 
radio control ta.ver operators to clear take-offs with weather below 
standard requirements, the regulations covering the position an 
airplane shall maintain with respect to a radio beam, the type of 
report made when passing over a designated radio !ix, procedure in 
airway traffic control areas, procedure outside airway traffic con
trol areas, procedure in event of failure of two-way radio, and many 
finer points of the regulations will be found. You must know your 
part 60. Civil Air Regulations and Air Commerce Manual 60 "Airway 
Traffic Control Procedure". 

Questions regarding instr1..U11ents may cover the use, operation, 
interpretation, limitations and errors of !light instruments, ask 
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how you would recover trom a stall or a spin on instruments, v.hat is 
meant by "leading" an instrument, how an altimeter is set or re-set 
in !light and what the instrument then indicates, what you would do 
in the event or failure or the air speed indicator,when do you rely 
principally on air speed indications and when on rate or climb in
dications. You will almost surely be asked various questions cover
ing the performance or an airplane with which you are familiar such 
as take-oft speed, best climbing speed, cruising speed, stalling 
speed, gliding speed, landing speed, minimum speed at which you 
still have good control, tachometer indications at these various 
speeds, etc. 

Typical questions on radio cover the purpose and principle or 
operation ot the radio ranges, irregularities in range operation and 
how to overcome them, the rule tor locating •N• and "A• quadrants, 
the use ot identification signals, procedure when the range is 
broken tor a weather broadcast, describe ditterent methods or or
ientation, describe in detail the landing-down-through procedure tor 
some range with which you are familiar, describe the ditterent types 
ot radio aids,list the symbols used to designate the various classes 
ot stations such as 8 BRA-Tz•, •MRL-DT•, etc., decode combinations ot 
these symbols, how to detennine the angle or drift when !lying a 
range, the proper use ot volume control, why automatic volume con
trol should never be used in !lying a range aurally, etc, 

In the weather section you will very definitely be required to 
read and interpret a teletype weather sequence and an upper air 
(winds aloft) report. You may be given the various elEl!lents ot a 
weather sequence in plain English and be required to code them as 
tor teletype transmission and in the proper order. The instructions 
and interpretations covering these weather sequences are round in 
"Instructions tor Airway Meteorological Service", which is Circular 
"N" ot the Aerological Division ot the Weather Bureau ot the Depart-
ment or Agriculture. This circular can be obtained trom the Super-
intendant ot Documents, Washington, D. c. tor 25 cents. However, 
weather sequences seem to be such a mystery to so many pilots that 
the highlights or their interpretation will be round at the end or 
this chapter. It is recommended that all pilots obtain a copy or 
Circular "N" and study it; weather reports certainly cannot mean 
very much to a pilot it he doesn't know exactly what the tenns mean. 

173 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



INSTRUMENT AND RADIO FLYING 

Along these lines, you may be asked to define ceiling,unl1mited 
(with respect to ceiling), scattered clouds, broken clouds, over
cast, high overcast, etc. You may be handed a weather sequence and 
asked it the weather indicated is flyable or not, and why. There 
will be questions on icing, both or the airplane and carburetors, 
cloud types, turbulence, tog, significance or the spread between 
dewpoint and temperature, theory or heating and cooling or the at
mosphere, movEl!lent or weather, etc. As regards the interpretation 
of teletype weather reports the best source or information is Cir
cular "N" above. For meteorology as practiced by pilots, by tar the 
best explanation or weather that I know or is the weather section or 
"Through the Overcast" by Assen Jordanorr, to be published in the 
summer or 1938. The weather section was written in collaboration 
with Mr. w. E. Pereira, meteorologist tor American Airlines· at New
ark . It is easily the most understandable explanation of what makes 
weather I have ever seen. It was written tor pilot use; study or it 
will not only enable any pilot to pass the weather part or the In
strument Rating or Airline Pilot Rating test but will be or inestim
able value to him in his every day !lying. For meteorologists and 
pilots desirous or making a deeper study or the subject "Synoptic 
and Aeronautical Meteorology" by Horace Byers is reconunended. 

AIRLINE PILOT RATING 

Civil Air Regulations state: 

21.15 Aeronautical Knowledge: Applicant shall be familiar 
with and shall accomplish a satisfactory written examina
tion on: 

21.1500 (a) The provisions or parts 00,02, 21, 27, 40, 60, 
61,91,94 and 98, with sections 01.70 through 01.74, 04.52 
and 04,53 insofar as the same deal with airline opera
tions, and, if the pilot is to be rated tor airline opera
tion in whole or in part outside the United States, or 
parts 41, 70, 71 and 77. 

21,1501 (b) The fundamentals of air navigation and the use 
of formulae and of instruments and other navigational 
aids, both in aircraft and on the ground, which are deemed 
necessary for the navigation of aircraft by instruments. 

21.1502 (c} The general system of weather collection and 
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dissemination. 

21.1503 (d) Weather map, weather forecast, and weather 
sequence abbreviations, symbols and nomenclature. 

21.1504 (e) Elementary meteorology, including modern know
ledge of the cyclone as associated with fronts. 

21.1505 (f) Cloud fonns. 

21.1506 (g) Department of Agriculture, Weather Bureau Cir
cular "N", Instructions for Airway Meteorological Service, 
and all amendments thereto. 

21.1507 (h) Weather conditions, including icing conditions 
and upper-air winds, affecting aeronautical activities. 

21.1508 (i) Air navigation facilities in use on the civil 
airways, including rotating beacons, course lights, radio 
ranges and radio marker beacons. 

21.1509 (j) Data obtained from airplane weather observa
tions and meteorological data reported from observations 
made by pilots engaged in airline flights. 

21.1510 (k) The influence of terrain upon meteorological 
conditions and developments, and the relation thereof to 
airline flight operations . " 

The flight tests, both instrument and radio, for an Airline 
Pilot Rating follow the same routine as for an Instrument Rating, the 
difference being the greater accuracy and smoothness required of the 
candidate for an Airline Pilot Rating. The written test for an Air
line Pilot Rating, however, covers considerably more ground than 
that for an Instrument Rating, as indicated by the regulations 
quoted above. 

The regulations portion of the test requires utmost familiarity 
with CAR 60 and Airway Traffic Procedures and with all the regula
tions pertaining to airline personnel, certification and operation 
such as CAR 21 (Airline Pilot Rating), CAR 27 (Airline Dispatcher 
Rating), CAR 40 (Airline Certification) and CAR 61 (Airline Opera
tions). Questions on CAR 04.52 and 04.53 (equipment requirements) 
are almost certain to be found. All of the above sections must be 
known thoroughly, for questions on any part of them, including ob
scure features, may be expected. In addition at least general ram-
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iliarity with the other sections or the Civil Air Regulations cited 
above is necessary since at least one question on these sections 
normally will be round. Typical or the type or questions to be ex
pected are the requirements tor lights on airships, the regulations 
as to who may fly certificated aircraft, accident reports, penalty 
tor false lights, offenses subject to a penalty or $500. tine, dis
patcher qualifications, duties, authority, etc., requirements tor 
airline competency certificates, qualifications tor second pilots, 
when are second pilots required, equipment required tor instrument 
or over-the-top flight, method or qualifying pilots tor regular and 
alternate runs, how long does such a qualification last, how is it 
renewed after an expiration, pilot !light time limitations, rules 
covering !light tests, rules tor qualification or aircraft tor air
line use, etc. The above types or questions are to be expected in 
addition to those cited tor the Instrument Rating test. 

In the instrument portion of the test, in addition to questions 
on the !unction, operation, and method or control ot the various in
struments, there will be questions covering irregularities and er
rors in the instruments, and the method or overcoming or correcting 
tor errors or complete failure or an instrument. The candidate must 
be prepared to handle his navigation computer accurately and quickly 
and to work problems backward as well as forward {tor example -
given course, heading, ground speed and air speed, compute force and 
direction or wind). The candidate can also expect questions on the 
type or equipment he is regularly flying, such as cl1mbing,cruising, 
gliding, landing, stalling speeds, gross load, pay load, etc. 

The radio questions will cover all the various types or radio 
aids on the ground and radio equipment in the cockpit, the principle 
ot operation, method or use, irregularities, and the overcoming ot 
these irregularities. In addition, the candidate must be prepared 
to diagram every radio aid on his regular run and any approved al
ternate courses tor that run, showing location or •N• and "A" quad
rants, magnetic bearings or the beams, range and voice broadcast 
frequencies, identification signals, location or range station with 
respect to the airport, elevation or the airport, approved weather 
minimums tor take-of! and landing-down-through, standard procedure 
tor landing-down-th~ough, distances from check-point to check-point, 
etc. 
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In the weather section there will be numerous questions based 
on Circular "N", such as: how is a ceiling detennined at night and 
in the daytime; when is a ceiling unlimited; what is the ditterence 
between scattered and broken clouds; under what circumstances is a 
pilot report ot ceiling acceptable to the Weather Bureau, etc. 
These, ot course, are in addition to the reading and accurate inter
pretation ot teletype weather sequences, airway forecasts, winds 
aloft reports, etc., which are also covered by Circular "N". There 
will be questions on the characteristics ot the ditterent types ot 
air nasses and tronts, the ettect ot temperature changes, signifi
cance ot barometric and surtace wind changes. There will be ques
tions on cloud types, turbulence, the various tonns ot precipita
tion, ice, tog, etc. The same meteorological sources cited in the 
Instrument Rating test above are recommended tor study in preparing 
tor this test. 

Ot course, no one candidate is going to be asked all the ques
tions indicated above, nor are all the questions listed which are 
likely to be asked. Several (ten or more) ditterent sets ot standard 
questions have been prepared and the above types ot questions are 
included in some or all ot them. 

The written examination tor an Instrument Rating is tairly 
long; tor an Airline Pilot Rating, both long and searching. Betore 
presenting yourself tor it, be sure you are well prepared. 

INTERPRETATION OF TELETYPE WEATHER REPORTS 

Instructions to airway meteorological observers covering the 
taking ot weather observations, their coding and interpretation and 
the transmission ot the reports by land line teletype are contained 
in Weather Bureau Circular "N" and it is strongly recommended that 
all pilots familiarize themselves with this publication. There is 
such general misconception ot both the reading ot the teletype re
port and the meaning ot the tenns used that it will not be amiss to 
cover the more important points here. 

Elements Included in the Report 

The various elements included in a teletype weather report are 
transmitted in a definite order. These elereents are: 
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1. Station identification 
2. If a special report the symbol "SPL" 
3. Weather classification (if a control airport) 
4. Ceiling 
5. Sky condition 
6. Visibility 
7. Obstruction to visibility; precipitation (weather) 
8. Temperature 
9. Dewpoint 

10. Wind direction and velocity 
11. Barometric pressure 
12. Remarks 

Station 

The name of the station reporting is given in code, as for in
stance, "NK" for Newark, "CV" for Cleveland, "CG" for Chicago. The 
list of all station code identifications is published in "List of 
Teletype Call Letters and Designators" published by the Civil Aero
nautics Authority. 

Special Reports 

If some significant change in the weather occurs which the ob
server feels should be reported 1nunediately, without waiting for the 
scheduled time to file his report, he will make an off-schedule re
port which will be marked "SPL" (special) . If on his regular report, 
there has been some significant change in the weather from the last 
report, he will call attention to that fact by including the nota
tion "SPL" in the regularly scheduled report. This "SPL" immediate
ly follONs the station identification. 

Class "C", "N" or "X" 

Weather reports from control airports precede the report proper 
with the letters "C", "N" or "X". Class "C" indicates that the 
weather conditions at the airport conform to the requirements for 
contact flying; class "N" that the weather is in one or more re
spects below the minimums for contact flying but conforms to the re
quirements for instrument flying; class "X"indicates that the weath
er is in one or more respects below the minimums for instrument fly-
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ing and that the airport is closed tor landings and take-otts (ex
cept to public aircraft and to scheduled aircraft under certain con
ditions as specified in their "Letter ot Competency"). 

Ceiling 

The height ot the ceiling (unless unlimited) is shown in hun
dreds ot teet immediately to the left ot the sky symbol - inmediate
ly following the weather classification symbol. It the ceiling is 
unlimited no figures appear in this space. A ceiling is unlimited 
when the sky is clear, or the only clouds present are scattered, or 
the, ceiling is 10,000 feet or higher above the ground (technically 
above 9751 feet since cloud heights above 5000 feet are reported to 
the nearest 500 feet). It there is a ceiling below 10,000 feet, the 
height ot the ceiling is indicated in hundreds ot teet with the last 
two ciphers omitted. Thus "3" to the left ot the cloud symbols on 
the report means "ceiling 300 feet"; 30 means 3000 feet, etc. 

Preceding the figures indicating ceiling height by the letter 
"E" indicates that the height ot the ceiling is estimated, not mea
sured; the omission ot the letter "E" in this position indicates 
that the height ot the ceiling has been measured. Thus "E30" would 
be read "Ceiling estimated, 3000 feet", while "30" in this position 
would be read "Ceiling, 3000 feet". Since the measurement ot a ceil
ing in the daytime requires the running ot a balloon, most daytime 
ceilings are estimated; at night, the only practical method ot even 
estimating a ceiling is by use ot a celling light. A ceiling light 
makes it possible to measure a ceiling accurately with ease; there
fore most reported ceilings at night are measured ceilings, and the 
"E" is omitted. 

Sky Conditions 

The next symbol, or group ot symbols, indicates the extent to 
which the sky ls covered by clouds. It ls expressed by the simplest 
fonn of picture writing. 

OClear, meaning no clouds at all at any height, or the 
cloud deck covering less than l(),t ot the sky. If a few 
clouds are present (but covering less than l(),t of the sky) 
the remarks at the end of the report may include "FEW CLDS 
---- FEET". 
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())Scattered clouds - which means a coverage or 10 to flJ!, ot 
the sky it only one layer or clouds is present,or a cover
age or 10 to flJ!, by a particular layer. Scattered clouds 
never constitute a ceiling no matter at what height they 
may be round. It only scattered clouds are present, the 
ceiling is unlimited regardless or whether these clouds 
are at 500, 5000 or 50,000 feet above the ground. 

®Broken clouds, meaning that a cloud layer covers from 50 
to 90% ot the sky. Broken clouds constitute a ceiling. 
It at less than 10,000 feet, the height or this ceiling is 
indicated by figures 1nmediately t.o the left ot the symbol 
as E50® meaning "Celling estimated 5000 feet, broken 
clouds"; 1! higher than 10,000 feet (technically 9751 
feet) the celling is considered to be unlimited and there 
will be no !1gtll"e to the left ot the symbol. 

EB Overcast, meaning the cloud layer covers from 90 to 100% 
ot the sky. An overcast constitutes a celling the height 
ot which ls reported exactly as the broken cloud celling 
above. It this deck covers more than 90% ot the sky but 
less than 100%, the sky ls reported as overcast, but in 
the remarks at the end ot the report usually will be round 
a notation such as "FJ!l.I BRKS" (Few breaks). 

A glance at these symbols shows the scheme ot representation, 
which ls s1mpl1c1ty itself. As the proportion or cloud coverage in
creases, the number or marks inside the circle increases, or their 
arrangement ls changed; in other words, the proportion ot coverage 
inside the circle increases. 

Cloud heights as reported by the Weather Bureau or in the tele
type weather reports are always expressed in hundreds ot teet above 
~ground, not above sea level. 

When the cloud symbol ls followed by a diagonal line "/" the 
clouds to the left ot that "/" are 10,000 feet or hlgj:ler and regard
less ot what percentage or the sky ls covered by these high clouds, 
the celling which they may constitute ls considered "Unlimited". 
Thus 

<I>/ High scattered clouds 
®/ High broken clouds 
EB/ High overcast 
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As reported on a teletype sequence or broadcast by a range sta
tion the term "high" used in describing clouds means that the clouds 
so characterized are 10,000 teet or higher. 

Frequently two cloud symbols are used in combination indicating 
two cloud layers or decks. It either deck individually V«>uld con
stitute a ceiling, the height ot the upper is not indicated unless 
it is above 10,000 teet (high clouds) or reported in the "Remarks". 

3069 is read •ceiling 3000 teet, high broken, lower broken 
clouds". In this case, the upper deck is known to be 
10,000 teet or hi~er, the base ot the lower deck 3000 
teet above the ground. 
ot the sky. 

Each layer covers trom 50 to 9o;t 

E3000 is read "Ceiling est1ma.ted 3000 teet, broken clouds, lower 
broken clouds". Note that the term "high" is applied only 
to clouds at 10,000 teet or higher. In this case the o
mission ot the diagonal line "/" changes the meaning ma
terially, tor this means that the height ot the base ot 
the upper deck ts less than 10,000 teet. The reader does 
not know the height ot the upper deek unless the remarks 
at the end ot the sequence state "UPPER CLOUDS AT ----
FEET"• Each layer covers tran 50 to 90% ot the sky; each 
layer constitutes a ceiling, but obviously the ceiling at 
the airport ts the height ot the lower deck, and that ts 
the one reported. 

E3QGYO ts read "Ceiling estimated 3000 teet, high overcast, lower 
broken clouds". The base ot the overcast, which covers 
trom 90 to 100% ot the sky, ts at 10,000 teet or higher; 
the base ot the lower deck, which covers trom 50 to 90% ot 
the sky ts estimated to be at 3000 teet above the ground. 

E3$01s read "Ceiling estimated 300 teet, overcast, lower 
broken clouds". Again, we know the height ot the lower 
layer ot clouds but do not know the height ot the base ot 
the overcast, except that it ts less than 10,000 teet -
unless that height is given in the remarks at the end ot 
the sequence. The lower broken clouds cover 50 to 90% ot 
the sky and constitute a ceiling; thus it ts the height ot 
the lower clouds which ts reported. Always, the height ot 
the lowest layer ot clouds which constitute a ceiling ts 
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the celling reported on the teletype, to the left or the 
cloud symbols. 

Since scattered clouds {10 to 50% coverage) do not constitute a 
celling, but it is usually desirable to know their height, this 
height is indicated immediately to ttle right or the sky symbols, and 
is always followed by a diagonal sign "/". 

<D,AD:30/ is read "Ceiling unlimited, high scattered clouds, lower 
scattered clouds at 3000 teet". It will be noted that the 
ceiling is unlimited {no figure to the left or the cloud 
symbol), since scattered clouds do not constitute a ceil
ing. In this case there are two layers or clotlds, one at 
10,000 feet or higher, the other at 3000 feet, each layer 
covering from 10 to 50% or the sky. 

ED,AD:30/ is read "Ceiling unlimited, high overcast, lower scattered 
clouds at 3000 feet". Again the ceiling is reported as 
unlimited tor while the high overcast constitutes a ceil
ing, this cloud deck is at 10,000 feet or higher and the 
ceiling is thus considered to be "unlimited". 

E30@J>l5/ is read "Celling estimated 3000 feet, broken clouds, lower 
scattered clouds at 1500 feet!' The upper layer covers 50 
to 90% ot the sky, constitutes a ceiling, and that celling 
height ls reported; the lower layer covers only 10 to 50% 
ot the sky, and does not constitute a celling; therefore 
the height or the lower deck ls shown to ttle right or the 
cloud symbols. 

E30ED/O If, however, there were still a higher deck in the para
graph just above, the scattered clouds would not be re
ported at all or would be reported in the remarks at the 
end or the report. The symbols here shown would be read 
"Celling estimated 3000 feet, high overcast, lower broken 
clouds". The remarks might add "LWR SCTD 15 HND" - meaning 
"Lower scattered clouds at 1500 feet"" 

Thin clouds are indicated by a minus sign preceding the cloud 
symbol as -<D, "thin scattered"; -@/, "high, thin broken". Likewise 
dark, heavy clouds {usually nimbus) are indicated by preceding the 
cloud symbol with a plus sign "+" such as +@, which is read "Dark 
broken clouds". Sometimes the ceiling height figures are preceded 
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by a plus sign as +12$"+0, which reads"Ceiling more than 1200 feet, 
high overcast, dark lower broken clouds". 

It the ceiling is •zero" usually no sky symbol will be used, 
since the ceiling is right on the ground and the factor which limits 
the vertical visibility (ceiling) to zero, also limits the lateral 
visibility. In such a case, in place of the sky symbol will be 
found "F+" dense fog; or GF+ dense ground fog; or "R+" heavy rain; 
•s+• heavy snow, etc. as for instance, 

OF+O which ls read "Ceiling zero, dense tog, visibility zero" 

OS+l/5 which is read "Ceiling zero, heavy snow, visibility one
fifth mile". 

Ceilings are reported to the nearest 100 feet when at 5000 feet 
above the ground, or less. Thus a celling of 51 feet would be re
ported as "lfll" which is read •ceiling 100 feet, overcast", while a 
ceiling of 49 feet would be reported as zero. Under rare conditions 
of low stratus, visibilities of as much as tour or five miles may be 
reported with zero ceilings. In such cases there will usually be a 
notation in the "Remarks" at the end of the report "CIG 40 FEET" or 
something to that effect. 

Care must be taken to note the difference between the symbol 
tor zero "O" and the symbol tor Clear "(J' . The symbol for zero ls 
an oval - a regular typewriter nought; for clear, a circle. Thus 

00 ls read "Ceiling unlimited, clear, visibility zero",a con
dition which is not uncommon with shallow ground fog. With 
such a condition it is possible to look up through the tog 
and see the sky although the visibility laterally is less 
than l/8th mile and is thus reported as zero. 

Visibility and Precipitation (Weather) 

Immediately following the sky symbols (or the diagonal line 
which always follows the figures indicating the height of scattered 
clouds) will be round the figures representing the lateral visibil
ity as seen from the ground. This visibility ls reported in miles 
or fractions of miles. 

It tbe vis1b111ty ls less than 7 miles, or if there ls prec1p-
1tat1on in any form, regardless of v1s1b111ty, the obstruction to 
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visibility or the kind of precipltatlon is indicated in code immedi
ately following the figure representing tt.e v1sib111ty in miles. 
The symbols used in this code are natural ones. 

H Hazy 
K Smoky 
F Fog 

GF Ground Fog 
IF Ice Fog 
s Snow 
R Rain 

MI Mist 
SP Sprinkling 
SL Sleet 
HL Hail 
T Thunderstonn 
D Dusty 
M Missing 

Preceding characters tor rain or mist by the letter "Z" means 
"Freezing", as 

ZR Freezing Ra in 
ZMI Freezing Mist 

Preceding any of these characters by the letter "B" means 
"Blowing", as 

BS Blowing Snow 
BD Blowing Dust 

BSA Blowing Sand 

Following any of these characters by the minus sign "-" means 
"Light"; by a plus sign "+" means heavy, or thick or dense. When a 
character indicating precipitation ls followed by neither a minus 
nor plus sign, the precipitation is read as "moderate". Thus 

R-
R 

R+ 
S-
s 

S+ 
ZMI-

Digitized by Google 

Light Rain 
Moderate Rain 
Heavy Rain 
Light Snow 
Moderate Snow 
Heavy Snow 
Light Freezing Mist 
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BS+ Thick Blowing Snow 
H+ Thick Haze 
K+ Thick Smoke 
F+ Dense Fog 

Frequently two or more or these !actors are affecting visibil
ity and they will then be shown in combination as 

R-F- Light Rain, Light Fog 
TR+F- Moderate Thunderstorm, Heavy Rain,Light Fog 
ZMIF- Moderate Freezing Mist, Light Fog 

Since teletype machines have no tractions, it is necessary to 
look twice when a slant or diagonal line "/" follows the sky symbols 
in a re pert. Thus 

6E91/2FR- is read "Ceiling 600 feet, overcast,visibil
ity one-half mile, moderate !og,light rain". 

6EllCIX3/l/2FR- is read "Ceiling 600 feet, overcast, lower 
scattered clouds at 300 !eet,visibility one
hal! mile, moderate tog, light rain". 

l5$IJ9/ll/2F-R- is read "Ceiling 1500 feet, overcast, lower 
scattered clouds at 900 feet, visibility one 
and one-half miles, light tog, light rain". 

In teletype transmission there is no space (as between words in 
ordinary typing) in the group starting with the figures !or ceiling 
height and ending with the obstruction to visibility. The thing to 
remember is that only one cloud height ever follows the sky symbols, 
and that figure only in the event that there are scattered clouds 
lower than the ceiling. I! no scattered clouds are reported a dia
gonal line must mean a fraction; i! lower scattered clouds are re
ported the first diagonal line indicates a separation between the 
figures representing the height or these lower scattered clouds and 
the figures representing the visibility in miles; i! a second dia
gonal line appears, this second line indicates a fractional mile in 
the visibility report. 

Temperature and Dew Point 

Immediately following the symbol !or visibility or obstruction 
to visibility is a space, then the figure representing the tempera
ture in degrees Fahrenheit. Not all stations are equipped to give 
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the dew point, but if the station is equipped, the temperature fig
ure will be followed by a diagonal line and the figures for the dew 
point, also expressed in degrees, Fahrenheit. Thus, "63/47"means 
"Temperature 63, dew point 47". If the station were not equipped to 
report dew point, there would merely be the figure "63",followed by 
wind direction. If the station normally reported dew point but for 
some reason were not including it in a report this group would be 
transmitted 

"63/M" read "Temperature 63, dew point missing". 

Surface Winds 

The next group in the report indicates the direction and velo
city of the wind on the surface at the station reporting. The direc
tion is indicated by arrows which fly with the wind. There are eight 
of these arrows on the teletype key-board which are used in combin
ation to indicate wind direction to sixteen points. The velocity of 
the wind in miles per hour immediately follows the wind arrows. A 
plus sign after the velocity figure indicates "Strong gusts"; a 
minus sign, "Light gusts" or "Gusty". 

t 15 "Surface wind north, 15 miles per hour" 
/lOE "Surface wind southwest, 10 miles per hour; estimated" 

+ .,_30+ "Surface wind north northwest, 30 miles per hour, strong 
gusts" 

_ ,20- "Surface wind east southeast 20 miles per hour, gusty" 

Barometric Pressure 

The barometric pressure at the station, reduced to mean sea 
level equivalent at standard conditions is reported in inches and 
hundredths of inches of mercury. The first figure (which is always 
either a "2" or a "3") is omitted. This report follows the sur
face wind group from which it is separated by a space. Thus 

992 means "Barometer 29.92" 
004 means "Barometer 30.04" 

There is no chance of confusion since a sea level barometer 
reading of less than 21. inches or more than 39. inches never oc
curs. Some stations are not equipped with barometers; in reports 
from such stations there are no figures in the space ordinarily used 
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for reporting barometric pressure. 

Remarks 

Following the barometric report, the station may add any sig
nificant remarks which it ls not possible to code ln the regular re
port. The coding procedure ls really an achievement. Consider the 
mass of data reported by each station and the fact that an entire 
sequence, such as the Ch1cago-Newark-R1chmond sequence, embodying 
these reports from 29 stations ls normally transmitted ln about 
three minutes. While the coding procedure normally covers all the 
data necessary to report the state of the weather, frequently ad
ditional information ls helpful ln portraying the true situation. 
Also, each three hours, the stations transmit with their regular re
port certain additional information, such as barometric changes and 
tendencies, proportion of sky coverage of each layer of clouds and 
direction cf movement, and other 1nfonnat1on of value. 

The height of scattered clouds (when the two allowable cloud 
symbols have already been used),breaks ln the covercast, time of 
wind shift, time of beginning or end of precipitation, variable con
ditions, approaching storms, etc., are all included ln the "Remarks" 
section of the report. Irregularities ln the operation of the as
sociated range station such as "RANOT" - Range not operating, or 
"BRONO" - broadcast fac111t1es inoperative - are of the greatest 
value to pilots. If the celling reported ls that given by a pilot, 
the remarks section will include "PIREPS CIG" meaning "Celling re
ported by pilot". 

The abbreviations used ln the remarks section are the same as 
those used in the "Airway Forecasts". They are not difficult, being 
usually contractions, but the complete list of them will be found in 
Circular "N". For example 

ABV Above 

ACPY Accompany (led) (1ng) 

ACCT Account 

ACTG Acting 

ALF Aloft 

CIG Ceiling 
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Typical Reports 

KC C 558CIX30/5K 75/63t/ll 963 6ACU+ 2STCU+ F/CUNB/U OCNL LTNG W 
This report, decoded, means "Kansas City, weather above 
minimum requirements tor contact tlight,ceiling 5500 reet, 
broken clouds, lower scattered clouds at 3000 feet, vis
ibility 5 miles, smoky, temperature 75°, dew point 63°, 
surface wind south southwest 11 miles per hour, barometer 
29.63. Tile broken deck or clouds (at 5500 feet) covers 
6/10 or the sky, is or alto-cumulus type, moving from the 
south; the scattered layer (at 3000 feet) covers only 
2/lOth or the sky, is or strata-cumulus type, also moving 
rrom the south. In addition there are a rew cumulo-nimbus, 
their height not indicated and their direction or movement 
unknown. There is occasional lightning to the west or the 
station". (Quite a wad or intonnation to get on one line, 
and transmitted in about five seconds.) 

LS C -4)(])60/15+ 71/60+10 979 lA 7CIST/U 3ACU.i' 
Decoded, this means "St. Louis, weather above minimums tor 
contact flight, ceiling unlimited,high thin broken clouds, 
lower scattered clouds at 6000 feet, visibility more than 
15 miles, temperature 71°, dew point 60°, surface wind 
south 10 miles per hour, barometer 29.79. During the past 
three hours the barometer has risen 1/100 or an inch but 
the barometric tendency has been to rise and then tall. 
The high clouds cover 7/10 or the sky,are or cirro-stratus 
type, their direction or movement unknown; the lower 
scattered clouds cover only 3/10 or the sky, are or alto
cumulus type, moving from the southwest". 

CV SPL N E200lml/2TRHL- 77/671'28+ 985 THDRSTH HOVG &ID 
Decoded, this means "Cleveland, special report, weather 
above minimums tor instrument flight but below minimums 
tor contact flight, ceiling estimated 2000 feet, overcast 
(at less than 10,000 feet but height or overcast not 
given), lower broken clouds at an estimated height or 2000 
feet, visibility one and one-halt miles, moderate thunder
storrr., moderate rain, light hail, temperature 77°, dew 
point 67°, surface wind southwest 28 miles per hour with 
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strong gusts, barometer 29.85, thunderstorm moving east
ward". 

DT X 36IClll./l/4R+F- 62/61•.120- RAIN OCNLY MDT 
Decoded, this means "Wayne County Airport,closed ror land
ings and take-orrs, ceiling 300 reet, overcast, lower 
scattered clouds at 100 reet, visibility one-quarter mile, 
heavy rain, light rog, temperature 62°, dew point 61°, 
surrace wind east northeast 20 miles per hour, gusty. Rain 
occasionally easing orr but does not become less than mod
erate rain." Note that no barometer is given, since Wayne 
County Airport does not report barometric pressures. 

BJ X E6el/2SF- -9/-121'9 016 SNW CIG 
Decoded, this means "Burralo,closed ror laniings and take
orrs, ceiling estimated 600 reet, overcast, visibility 
one-halr mile, moderate snow, light rog, temperature 9° 
below zero, dew point 12° below zero, surrace wind south
west 9 miles per hour, barometer 30.16. SNW CIG (snow 
ceiling) means the ceiling is indefinite but 600 reet is 
as close as the observer can estimate vertical visibility, 
the light being lost or the balloon disappearing, not into 
clouds, but merely blotted out by the snow. It is entire
ly possible that a pilot can see the ground straight down 
rrom a greater height than 600 reet." 

NK X OF+OZMI- 31/3lt#'6 982 SMOKE MIXED 
Decoded, this means "Newark, closed ror landings and take
orrs, ceiling Zero, dense rog, visibility zero, light 
rreezing mist, temperature 31°, dew point 31°, surrace 
wind north northeast 6 miles per hour, barometer 29.82. 
In addition to the rog and the mist, there is a lot or 
smoke in the air which is also helping to reduce the visi
bility". 

Upper Air Reports 

Four times daily, shortly arter 5 and 11, AM and PM, Eastern 
Standard Time, the principal weather reporting stations 
their Upper Air Report, popularly known as "winds Alort" . 

transmit 
This is 

the report or direction and velocity or the winds at the surrace and 
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so rar as conditions will permit, each thousand root level above ~ 
level up to 14,000 feet. The data is calculated from a balloon run. 
Note that the levels for which reports are made are above sea level 
and not above the ground. 

The report consists or (1) station designation (same as for 
weather reports), (2) time or observation (reported on the 24 hour 
clock as are all Weather Bureau reports, i.e. 5H1 is reported as 17; 
5:30PM as 17:30, etc.), (3) surface wind data, and (4) data for each 
thousand root level. 

The data ror each level is reported in a series or five and 
rour digit figure combinations, the five digit combinations being 
the data for the surface and for the even thousand root levels 
(2000, 4000, 6000, etc. feet above sea level),the four digit combin
ations being the data ror the odd thousand root levels (1000,3000, 
5000, etc. reet above sea level). If the elevation or the reporting 
station is more than 200 reet below the next thousand root level, 
that next level is the first report following the one for the sur
face; if the station is 200 feet or less below the next level, that 
next level is skipped in the report. Thus Buffalo, which is 700 feet 
above sea level, reports surface, and all levels from 1000 feet to 
14000 feet; Cleveland, which is 800 feet above sea level, reports 
surface, skips the 1000 foot level and reports all levels from 2000 
to 14000 feet. 

In the five digit groups the first figure indicates the level, 
"O" indicating either surface or 10,000 feet, "2" indicating 2000 or 
12000 feet, etc. There is no chance or confusion since the reports 
ror each level are made in sequence. The rour digit groups have no 
altitude index, the altitude being known from their position in the 
sequence or reports ror each level. 

In the five digit groups, the second and third figures, and in 
the rour digit groups, the first and second figures indicate the di
rection of the wind. Winds are reported to 36 points; merely add a 
nought to these two figures and the resultant is the compass direc
tion (true, not magnetic) from which the winds blow. Thus, winds 
from 30° true are reported "03"; from 90° (east,true) reported "09"; 
from 180° (south, true) reported "18"; from 360° (north, true) re
ported "36", etc. In calculating the winds, the observer reports to 
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the nearest 10° bearing. 

The last two digits in each combination represent the velocity 
or the wind in miles per hour. Thus a velocity or 25 miles per hour 
is reported "25", or 5 miles per hour "05"; calm is reported "00". 

To take a typical report: 

NK17 00910 0612 20214 3608 43311 3315 63218 3222 82925 2825 02727 

The first group (NK17) indicates that the reporting sta
tion is Newark, and the time or observation 5PM. 

The next group (00910) is always the surface, indicated by 
the index "O" and the ract that it is the first data 
group. The "09" indicates that the wind is trom 90° true 
(east) and the "10" that the velocity is 10 miles per hour. 

The next group (0612) being a rour digit group indicates 
that this is the data ror an odd thousand root level, and 
since the following group is indexed "2", this group must 
be ror the 1000 toot level. The "06" indicates the wind is 
rrom 60° true and "12" that the velocity is 12 miles per 
hour. 

The next group (20214) being a rive digit group is tor an 
even thousand root level, the index "2" meaning 2000 teat 
and not 12000 because or the group position in the se
quence. The next two figures "02" mean that the wind is 
rrom 20° true and the last two "14" that the velocity is 
14 miles per hour. 

The next group (3608) being a tour letter group is ror 
an odd thousand root level and has no altitude index. 
Therefore, although it is known that this is the data ror 
the 3000 root level, this is known by its position in the 
sequence and not because the first figure just happens to 
be a "3". The first two figures "36" indicate that the 
wind is rrom 360° true (north) and the last two that the 
velocity is 8 miles per hour. 

And so to the last group (02727). Being a five digit group 
this is the data ror an even thousand root level and the 
first figure is the height index, which being "o" repre
sents both surface and 10,000 reet. From its position in 
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the sequence it obviously represents the 10,000 foot 
level. The second and third digits "2:7" indicate that 
the wind is from 270° true (west) and the last two "27" 
that the velocity is 27 miles per hour. 

When the ceiling at the reporting station is less than 14,000 
feet above sea level, or the observer loses sight of the balloon be
cause of poor visibility or high winds, the .report ends with the 
data for the last thousand foot level at which he could observe the 
balloon. No cloud data is included in these reports. If no report 
is available or possible, the reason is shown by simple code, such 
as "NK CONO", meaning no report from Newark because of low clouds. 

The other code terms used are: 

RONO No report because of rain 
SONO snow 
FONO " " fog 
KONO " smoke 
IONO " " instrtunent trouble 
BANO If " no balloons 
DUNO " " dust 
DYNO " " no hydrogen 
FINO No report flled 

Other Telet:lQe Weather Information 

In addition to weather and upper air reports, a great amount of 
additional weather information is transmitted over the teletype cir
cuits. Of principal direct interest to pilots are the "Airways Reg
ional and Terminal Forecasts~ transmitted four times daily at 10:10 
and 4 : 10, AM and PM, Eastern Standard Tlme. These forecasts are in 
abbreviated plain English, the abbreviations being fairly obvious. 
If there is any difficulty in interpreting them they can be found in 
Circular "N". 

The results of "Weather Flights" made each morning from about 
25 stations throughout the U.S . are transmitted each morning. These 
reports are called "APOBS", meaning "Airplane Observations" and are 
now being supplemented with "RAOBS" meaning "Radio Balloon Observa
tions". The reports show the temperature, relative htunidity and 
equivalent potential temperature at various altitudes; they are an 
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analysis or the air mass and are used (chiefly by meteorologists) to 
forecast cloud levels, turbulence, thunderstorms, etc. in air mass 
analysis. 

Map signals in meteorological code are transmitted four times 
dally. These are the data from which the meteorologist draws his 
weather maps. 

It ls apparent that the Aerologlcal Division or the Weather 
Bureau supplies the pilot with a great mass or useful and easily 
usable information. Whether or not you make use or it ls up to you. 
Although observers and forecasters are human and thus fallible, and 
reports and forecasts are sometimes inaccurate, on the whole the in
formation ls dependable . Form the habit or looking over the weather 
reports and forecasts before taking-off to fly anywhere. The mere 
ract that the weather ls CAVU for your take-orr does not mean it ls 
good or even flyable at your destination. Weather can and does vary 
from CAVU to Zero-Zero in less than fifty miles. Many or us have 
subscribed to the idea that it ls personally preferable to be the 
world's oldest pilot rather than the world's best pilot. Proper use 
or weather data will go a long way in helping us to be both. 
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CHAPTER IX 

RADIO COMPASSES 

In non-technical language a radio compass is a device for in
dicating the line of direction or line of bearing to a radio sta
tion; more properly it is called a "radio direction finder". 

Present day radio compasses as 
directional characteristic of a loop 
their purpose. This characteristic 

used on airplane~ utilize the 
receiving antenna to accomplish 
is that the loop antenna will 

pick up maximum signals when the windings of the loop are parallel 
to a line drawn from the radio station to the loop, that is when the 
plane of the loop is pointed toward the station; and will give min
imum signals when the windings of the loop are at right angles to a 
line drawn from the radio station to the loop, that is,with the hole 
in the loop pointing toward the station. The minimum signal position 
is co11Dnonly known as the "null" position. 

----{}-------~------::.-.,-:;,,,? 
NULL MAXIMUM SIGNAL 

POSITION POSITION 

Most, but not all present day radio compasses operate with the 
loop in the null position, since the discrimination in this position 
is much more definitive than in the maximum position. Of course, 
there is a 180° ambiguity involved for both these positions, that 
is, if the loop is mounted at right angles to the longitudinal axis 
of the airplane and the pilot is receiving the null signal, he can 
not tell from that indication alone whether his nose or his tail is 
pointed at the station. He knows that one or the other is, but must 
use some additional means to find out which. 

This principle of direction-finding was first used by shore 
stations to give ships at sea their bearing fr0m the shore station. 
A ship, by receiving bearings from two or more r adio compass sta-
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tions ashore can plot these bearings on a chart, and their point of 
intersection is the position of the ship. Pan American Airways very 
successfully uses a refinement of this system to give its airplanes 
their position. The same system is followed extensively in Europe. 

In addition to their direction-finding characteristics it was 
found that when a loop antenna was electrostatically shieJded it 
would still pick up signals and also eliminate static to a greater 
or lesser degree . All airline ships now carry these shielded loops 
for static elimination or reduction in aural flying of radio ranges, 
even if they do not mount a radio compass. The shielded loop is 
much more effective as a static eliminator in the maximum signal 
position than in the null position. The same amount of static nor
mally will be received and transmitted to the receiver by the loop 
in either position, tut in the maximum si gnal position the station 
signals are loud and can be heard above the static; in the null po
sition the station signals are weak and easily drowned out by the 
static. It is similar to people talking in a room where there is a 
high noise level; 1f they speak softly the noise drowns them out and 
they cannot be heard ; if they yell, they are heard above the noise. 

SHIELDED LOOP ANTENNA 
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Devices utilizing the loop directional principle are divided 
into two main types: the first utilize aural signals,but not visual 
signals, and we will call these "Aural Homing Devices"; the second 
provide visual signals and usually aural signals as well - we will 
call these "Radio Compasses". 

AURAL NULL HOMING DEVICES 

Fixed Loop 

The simplest form or radio direction indicator is the aural 
null type or homing device or the type used on some or the older 
Navy airplanes. The loop,which could not be shielded,consisted of a 
few strands of wire strung between the upper and lower wings paral
lel to the lateral axis or the ship. The pilot tuned in his radio 
station and by maintaining his heading so that he received the min
imum of signal strength knew that he was pointed directly at or di-
rectly away from the radio station. If his nose happened to turn 
away from that line his signal volume would increase but he had no 
indication as to whether he had turned left or right from the line. 
All he could do was to swing the nose and fish for the heading which 
produced a null signal. With this antenna, slight deviations from a 
null course produced only comparatively small changes in signal vol
ume. Errors became cumulative since our ears are not very satis
factory meters of sound volume; they seem to incorporate a sort or 
built-in automatic volume control which works entirely too well to 
detect comparatively small changes in noise level or signal volume. 
In some installations a meter was installed to measure the strength 
or signal being received, and this was much more satisfactory than 
dependence on ears alone. 

With this antenna the only indication that a radio range sta
tion has been crossed is a material build-up in volume and narrowing 
or sharpening of the null angle. Over a range station there is nor
mally no cone of silence, but there is a build-up and some surge. 
Certainly the indication received is not sufficiently definite to 
use as a point from which to start a glide for letting down to a 
field on a tough approach. 

The present day type of f lxed loop antenna homing device uses 
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an electrostatically shielded loop, mounted above or below (usually 
below) the fuselage at right angles to the longitudinal axis of the 
ship. Thus this loop is in the null position when either the nose 
or the tail of the airplane is pointed directly at the station. Its 
operation is similar to the wing-to-wing type described above, but, 
being shielded, it reduces static. It is considerably more accurate 
or sensitive than the original type, changes of course or bearing 
producing much sharper changes of signal volume. To take bearings 
on other stations it is necessary to point the airplane to find the 
null bearing. 

Rotatable Loop Type - Aural 

More present day aural homing devices operate with a shielded 
loop which can be rotated manually from the cockpit. There is a 
dial in the cockpit which shows the position (azimuth) of the loop 
with respect to the longitudinal axis of the ship. When t his dial 
shows o0 (or 180°), which is called the "Homing Position", the null 
position of the loop corresponds to the heading of the airplane and 
its rectprocal; the loop is then in the same position, and the de
vice works exactly as the Fixed Loop Type above. The essentia l dif
ference is that cross bearings can be taken on r adio stations by 
rotating the loop instead of turning the airplane; the loop can be 
rotated to maintain the null ~osition while crabbing for drift and 
the loop can be rotated to the maximum signal position to reduce 

LOOP AZIMUTH DIAL 
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static. In this anti-static position the homing qualities or the 
loop are rendered largely inoperative, and the loop ts simply a none 
too satisfactory form or antenna ror aural flight or a radio beam. 
It is not satisfactory· because changes or bearing produce increases 
or decreases or signal volume. These changes are confused with the 
increases or decreases which result from changes in distance from 
the range station and it is the latter type or change on which de
pendence must be placed in order to ny a beam or range aurally. A 
loop antenna is ~ used ror flying a low approach procedure. 

Characteristics or Aural Type Homing Devices 

Aural type homing devices usually incorporate a two-band re
ceiver, one band covering the range frequencies or 200-400 kc and 
the other the conmercial broadcast band or 550-1500 kc. Because or 
the steady carrier wave or the broadcast station and the non-direc
tive character or most broadcast transmitter antennas, results are 
usually better with these stations than with range stations. 

When flying a range with the ordinary range receiver we round 
it necessary to keep the signal voliune fairly low; with a null type 
homing device, the opposite is true. With a strong voliune, the null 
is sharp; with a low volume the null is broad. For this reason the 
null is usually broad at a considerable distance from the station; 
sharp when near the station. Inaccurate tuning greatly broadens the 
null; in order to tune accurately, it is desirable to rotate the 
loop to approximately the maximiun signal position, turn the volume 
low and tune ror the strongest and clearest signal; then turn the 
volume up and rotate the loop to the null position. 

Dtrecttng flight tn such a way that the loop ts matntatned tn 
the o0 or horning posttton ts called "!lytng the null". When proP
erly tuned and with the volume fairly high, a slight turn to the 
left or right will produce a marked increase in signal strength, 
for the null will normally be only about 3° wide if the circuit in
cludes a beat (CW) oscillator. With no oscillator or the oscillator 
turned orr, a good null angle will be 10 to 15°. Another advantage 
or the cw oscillator ts to lessen stattc errect when working on a 
radio range station. Its disadvantage ts that wtth the CW osctllator 
operating, voice signals are not readable and beam signals are heard 
as a sort of humming sound. Therefore, whenever a receiver circuit 
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embodies an oscillator, there must be provision for cutting it on 
and off. 

In approaching a station resist that impulse to turn the vol1..UJ1e 
control down; if the signal becomes too loud for your ears move your 
headset off your ears onto your cheek bones. If the null suddenly 
becomes very sharp it is an indication that you are about to cross a 
station; any change in volume control setting at this time might 
easily cause you to go past the station without knowing it. 

Near range stations, particularly loop stations, it is some
times possible to change the received signal from ."N" to "A" or from 
"A" to "N" by merely rotating the loop. This only occurs when sig
nals are strong, say within 20 miles of the station, but is another 
reason why the loop is ~used in flying a low approach proce
dure. For aural beam flying, use the loop only to reduce static, 
changing to a less directive type of antenna when signals are strong 
enough to override the static. 

A null signal is a minim1..UJ1 or zero signal. At considerable dis
tance from a station, or with weak signals, the angle of bearing in 
which no signal is heard may be so broad as to be unusable. In such 
situations a limited amount of directional guidance ca.~ be obtained 
by using the loop in the max1m1..UJ1 signal position, but in this posi
tion the discrimination or change of volume due to change of bearir.g 
is very poor and only approximate bearings are indicated. As soon 
as signal strength increases to the point that a signal can be heard 
within 10° of the null position of the loop, it is more accurate to 
use the null position. 

Loop Calibration 

The signals received by any antenna are affected by its posi
tion with respect to the mass of the airplane and this is particu
larly true of loop antennas. The loop antenna detects the direction 
from which the radio signals are being received, but this direction 
is subject to distortion or bending by the mass and structure of the 
ship. It has been found that for bearings straight ahead or behind 
the airplane, or exactly at r1ght angles to the ship there is no 
error with most installations; for intermediate bearings the error 
is considerable. For most all-metal landplane installat1ons the 

199 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



INSTRUMENT AND RADIO FLYING 

error will be greatest on a bearing 45° off the longitudinal axis of 
the ship. In this position it will average plus or minus 15°,vary
ing usually between 12 and 18°. The error can be plotted and usually 
is a sine curve. 

+ts·~~~~~""""'~~~~~~~~~~-::;o ...... ::-~~~~~~~~ 
+10°·~~~..,,.__~~ ........ ~~~~~~~~~-'-~---'"r-~~~~~---~ 
+s·~~-+~~~~_,.,~~~~~~---1'~~~~----..--~~~~~~ 

o·~~'--~~~~.,..,,..,.._~~~~~.,..,,,,.,....~~~~-T-~~~~~-r

-s·~~~~~~~~_,.,~~~~-+~~~~~~---o.--~~~---.--

-10··~~~~~~~~~~~~--,1'-~~~~~~~---.:~~~-r-~ 

-15•c..._~~~~~~~~___;:::.....~~~~~~~~~~~--o::....~~ 

RS 
0 or 360° 

• 

• RS 
1so• 

• RS 
90• 

CHARACTERISTIC CURVE OF LOOP CALIBRATION 

In this diagram the radio station bearing of o0 (or 360°) is 
directly ahead of the ship, 180° is directly aft, 90 and 270° ex
actly right and left respectively. From the chart it will be seen 
that if the radio station is in these positions with respect to the 
airplane the loop will be null on these stations when in the same 
position wlth respect to the longitudinal axis of the ship. But if 
the station bears 45° to the right of the nose, the loop will be 
null on that station in a position of 60° (45° plus 15° error); if 
the station bears 45° to the left of the nose, the loop will be null 
in a position of 300° (315° minus 15° error) with respect to the 
ship. 

In certain installations, notably on Pan American's clipper 
ships where the loop is mounted on the nose, well forward of the 
wlng, the direction of error is reversed. Each type of installation 
must be calibrated. 
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This calibration can be accomplished by changing the spacing of 
the markings on the loop azimuth (bearing or position) dial or by 
altering the shape of a cam in the linkage which actuates the loop 
azimuth needle, leaving the spacings on the dial unifonn. In either 
case, the position indicated is not necessarily the position of the 
loop with respect to the airplane physically, but its position elec
trically with respect to the longitudinal axis of the ship. 

With the loop in the homing position and the airplane so flown 
that a null signal is constantly received, the nose of the airplane 
will always be pointing directly at the radio station. If no cor
rection is made for drift,the heading of the airplane will be chang
ing constantly. 

EFFECT OF WIND WHEN NO CORRECTION IS MADE FOR DRIFT 

Thus, if no correction is made for drift, the airplane will 
follow a parabolic course, passing over the station directly into 
the wind. Insofar as the time required to complete a flight is con
cerned, it makes little practical difference whether the drift be 
corrected or not. With a wind velocity of 1/3 the air speed of the 
airplane and coming from the most effective angle, the time dif
ferential between flying a straight course with crab and flying the 
parabolic or pure homing course without correction for drift is only 
6% (3-1/2 minutes per hour). For winds of less strength or with 
less effective angles the time differential is even less. 
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But, during this time that you have been flying serenely along 
making no attempt to correct for drift, you have probably gotten 
over on the wrong side of the airway, and if there are mountains to 
the side of the direct course higher than your altitude, you have 
invited a first class crash. So it is most desirable to correct for 
drift, and it's not hard to do. 

Correction for Drift 

If your course follows a radio beam, the surest and easiest way 
to correct for drift is to follow the beam. The airplane heading 
will then be off the actual null bearing by the amount of the crab 
or drift angle. Except with very high winds, this will be near the 
null but not quite on it. 

If no beam is available, with a fixed loop, note the gyro head
ing of the null signal and fly this heading. Periodically check, by 
changing headings, to find what change of heading is necessary to 
hold the null position. If your check indicates that you must use a 
new heading to the left of the old one, you have drifted to the 
right. By holding a heading slightly to the left of this new head
ing and experimenting to find what heading will keep you near the 
null position, you can approximately counteract for drift. This 
method, however, is not satisfactory for accurate correction. 

If you have a rotatable loop, hold your original heading but 
find the loop bearing (azimuth) of the new null position. If you 
have drifted to the right, this new loop bearing will be to the 
left. For example, asstm1e that it is 5° to the left . Change your 
airplane heading 5° to the left and rotate the loop 5° to the right 
of zero; your nose will then be pointed at the station and your loop 
to the right of the null position for that station. Somewhere in 
the general neighborhood of, but slightly more to the left of this 
new gyro heading for the airplane, and somewhere between o0 and 5° 
right for the loop you will find a gyro heading and a loop setting, 
both of which you can hold while maintaining the loop in the null 
position. When you find this heading, you will be accurately cor
recting for drift and flying a straight line course for the station. 

Cross Bearings 

To take cross bearings with a rotatable loop, take null posi-
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tton bearings as nearly simultaneously as possible on two or more 
stations. For example, assume that the airplane ts on a compass 
heading of 180° true and the null of station A ts 45° to the 
right, and of sta~ B 30° to the left. You do not need to know 
whether these stations are behind you or ahead of you. The airplane 
ts on a bearing of 225° true (or its reciprocal 45°) from station A 
and on a bearing of 150° true (or its reciprocal 330°) from station 
B. On your map draw a line having a bearing of 225° true through 
station A and a line having a bearing of 150° true through station 
B. Where these lines intersect ts your position. It will be noted 
that in this example station B ts actually behind you. 

CROSS BEARINGS 

In taking cross beart~s it is important to take bearings that in
tersect at large angles, preferably at least 45°. The la.rger the 
intersection angle (up to 90°) the less the chance for error. In 
the above case, if the heading of 180° were also the bearing of a 
station, the cross bearing on station A and the 180° compass bearing 
of the station on which you were horning would have been sufficient 
to establish a fix. In fli~ht it is customary to plot three bear-
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ings. The three resultant intersections will outline a small tri
angle the center of which is taken as the position. It properly 
taken on stations which are producing strong signals and with only a 
small time interval between bearings, these positions are accurate 
to within about five miles for stations not more than 75 miles away. 

Radio Direction Finding (D.F.) Haps 

With ordinary maps, in order to plot cross-bearings, it is nec
essary to determine the true bearing of the station from the ship by 
adding (if to the right) or subtracting (if to the left) the bearing 
of the station with respect to the longitudinal axis of the air
plane. The true compass heading of the airplane must first be de
tennined by correcting indicated heading for variation and devia
tion. The reciprocal of the sum (or difference) of true heading and 
relative bearing is the true bearing of the airplane from the radio 
station. 

Sectional airway maps are large scale (1:500,000 - 8 miles to 
the inch). To plot these bearings the map must be flat. To use a 
map of this size in the cockpit, to lay off true north through the 
radio station and to plot the bearing, is a physical impossibility. 
Frequently two or more maps are necessary. 

The Government is now publishing "Aeronautical Chart for Radio 
Direction Finding No.~ D.F." which greatly simplifies the process. 
The scale is one fourth the size (one sixteenth the area) of the 
sectional airway map, being 1:2,000,000 or 32 miles to the inch - a 
size usable in the cockpit. Around each radio range station is 
printed a reversed compass rose oriented to magnetic instead of true 
north, that is, magnetic north shows as 180° on the rose. This elim
inates computation of true bearings and computation of reciprocals. 

When using this map the pilot corrects his magnetic heading for 
deviation only, adds or subtracts the relative bearing of the range 
station and plots the resultant bearing directly from the corr.pass 
rose with a straight-edge. By repeating the process on two (or 
three) stations a fix is quickly obtained. 

The above process does not take into consideration errors due 
to differences between variation at the station and at the airplane, 
nor errors due to convergence of the meridians. For stations rea-
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sonably close, these errors are negligible. 

Night Effect 

Night errect and other conditions such as mountains, large 
bodies or water or large cities which produce erratic beam operation 
also affect the operation or the aural homing device, usually by 
materially widening the null position. 

It you are taking bearings on a range station which is swing
ing, it will usually help to take the bearing on a voice signal 
rather than a beacon or range signal, since voice signals are usu
ally transmitted from non-directional antenna and are much less sub
ject to swinging than the beacon signals. Merely call the station 
and ask the operator to give you a long call on voice, or, if you 
have a cw oscillator, ask him to turn on his voice carrier !or a rew 
seconds. 

Range Orientation 

Range orientation with the aural homing device cannot be done 
satisfactorily by carrying out an orientation problem by the methods 
used with other types or antennas since a slight change in bearing 
or the station will produce considerable change in the volume or 
signals received. 

Orientation can be done positively by-pursuing the following 
method: 

(1) Set the loop to the homing position (loop at exactly 
right angles to the longitudinal axis or the ship) . 

(2) Put the ship in the null position on the range sta
tion and note the gyro heading. 

(3) Make a 90° turn to the left and fly this heading tor 
three minutes . This system or orientation depends on 
changing your position with respect to the range sta
tion to such an extent that there will be a definite 
change in the station bearing. It you are a long way 
from the station, or not making much ground speed, it 
may be necessary to fly more than three minutes to ac
complish this change or bearing. or course, it really 
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makes no fundamental difference whether the change or 
heading be made 90° to the right or to the left - the 
important thing is to do it always the same way. 

(4) Turn right to the gyro heading that formerly gave a 
null position. 

(5) While accurately holding this gyro heading take a 
bearing on the station by rotating the loop. It the 
loop azimuth dial tor the new null position now shows 
the loop to be pointed to the right, the station ls 
ahead; it the azimuth dial shows the station to be to 
the left, the station is behind. It there is very 
little change or bearing, the three minute heading at 
right angles was not long enough to su!!iciently 
change the bearing or the station; go back to that 
heading tor another three minutes; then again turn to 
the original gyro heading and take another bearing on 
the station. 

In the following diagram we have gone back to the "N" quadrants 
or the Newark range. In both examples, with the loop set at homing 
or zero position, the station was null on a gyro heading or 135° tor 
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the airplane; the problem to determine whether the station was ahead 
or behind us - whether we were in the north or south "N" quadrants. 
In the north quadrant, when we made our left turn and flew that 
heading, the station was getting farther and farther to our right, 
so that when, after three minutes on that heading,we returned to our 
gyro heading of 135° and rotated the loop to the new null position, 
we found that instead of being zero, it was now pointing to the 
right. This indicated that the station was ahead of us and that we 
must be in the north "N" quadrant. In the south quadrant, when we 
turned to the left, the station was getting farther to our left as 
we flew that heading so that when after three minutes, we returned 
to our original heading of 135° and rotated the loop to its new null 
position, we round that this position was with the loop pointing 
left; therefore, the station was behind us and we must be in the 
south "N" quadrant. 

With a fixed loop the same thing can be done, but after flying 
our 3 minute heading 90° to the left and making our turn to the 
rl.ght we must find a new null by pointing the airplane; then by com
paring the original gyro heading of the null with the new gyro head
ing of the null accomplish the same right or left comparison with 
the same ahead or behind indication. 

Passing Over a Station 

In passing over a station the null will become very sharp (nar
row) as we get close to the station. The temptation to lower the 
volume control must be resisted . There will be a loud build-up of 
signal and when almost over the station the null will completely 
disappear. Nonnally, no cone of silence will be heard, but a loud 
surge ~ be heard . 

RADIO COMPASS - CONVENTIONAL TYPE 

When a "sense" antenna (which is merely a conventional type an
tenna feeding into the same receiver with the loop) is installed in 
connection with a loop antenna, it is possible to compare the direc
tional changes in signal volume being received by the loop with the 
signals received by the sense antenna and to visually indicate these 
comparisons on a dial. This dial is an electrical meter (galvano
meter) and these comparisons cause its needle to indicate whether 
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the ship has turned to the left or the right or the straight line 
toward the station. The action or the needle is similar to the ac
tion or the needle in a turn and bank indicator. 

There are two schools or thought as to the direction this nee
dle should move when the airplane (or the loop) is turned from the 
straight line to the station. Most radio compass right-left indica
tors are so installed that when the airplane turns to the right from 
that line, the needle moves off center to the right, the movement 
being in the same direction as the needle in a turn and bank indica
tor. Personally, I prefer this type of installation because homing 
constitutes about 95% or all the flying done with the conventional 
radio compass. In homing, all the pilot must do to pass over the 
station is to keep the needle centered. It is natural to center the 
compass needle in the same wa;y that the turn indicator is centered -
if it moves to the right, turn left, and vice versa. 

In the other type of installation, when the airplane turns to 
the right from the straight line to the station, the compass (right
left) needle moves off center to the left (reversing the direction 
of movement or a turn indicator),the idea being that the needle then 
points toward the station. Actually, it rarely points toward the 
station, for the distance the needle moves off center is affected by 
signal volwne and needle sensitivity setting as well as by the 
amount of the angle between the null position of the loop and the 
bearing of the station. What the needle really indicates when it 
moves to the left in this type of installation is that the station 
bearing is somewhere to the left of the null position of the loop -
somewhere to the left of the airplane heading, if the loop is in the 
homing position. Many pilots find this reversal of the turn indica
tor contusing, for with this type of installation when the compass 
right-left needle moves to the left, they must give left rudder to 
center it, whereas if the turn indicator moves to the left, they 
give right rudder to center it. It is of some advantage when main
taining a gyro heading and is chiefly sponsored by one of the air
lines and the Army Air Corps. The Air Corps use it because it fits 
into their system of blind landings, which are gyro controlled. 
Fortunately, any installation can be changed from one type to the 
other by merely reversing the two wires leading to the indicator 
terminals, or by the installation of a simple switch which accom
plishes the same thing. The Air Corps is now including such a 
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switch in their installations so as to have the advantages of both 
systems. 

RADIO COMPASS HOMING (RIGHT-LEFT) INDICATOR 

In this chapter reference to a right or left movement of the 
needle will be avoided as much as possible since a movement to the 
ri ght on one installation has exactly the same meaning as a move
ment to the left on another. Instead, the terms "indicating a right 
tum " or "ind icating a left turn" will be used; whether these indi
cations are a movement of your compass needle to the right or to the 
left depends on how your particular compass is installed. 

The chief usefulness of the radio compass is for homing. By 
keeping the compass ri ght-left needle centered, the airplane must 
pass over the radio station. 

There is the same 180° amb i guity with the conventional t ype 
r adio compass as with the aural type homing device. With the needle 
centered and the loop in the null position, the pilot knows that the 
nose or the tail of the airplane is pointed at the station but does 
not know which. But with the radio compass , instead of going through 
the long system of changing bearings and comparing null l oop posi-
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tions which is necessary with the homing device, all that is re
quired is to make a slight turn. If' the pilot makes this turn to 
the right and the compass needle indicates a right turn (that the 
station is now to the left), the station is ahead; on the other hand 
if the compass indicates a left turn (the station now to the right), 
the station is behind. 

Likewise for quadrant identification, if the pilot is to de
tennine whether he is in the closed or open quadrant, all he needs 
to do is to determine in this way whether the station ls ahead of or 
behind him. 

After passing over the station, right and left indications by 
the needle are in the opposite direction from those indications 
while heading toward the station. 

Most radio compass receivers are two-band receivers. They op
erate in the radio range frequency band of 200 to 400 kc and in the 
commercial broadcast band of 500 to 1500 kc. Ordinary loop type air
craft compasses are rather inaccurate on frequencies above 1000 kc. 

Most visual type radio compasses provide aural signals for the 
head set as well as visual signals for the instrument panel. With 
this type of compass, we have the same aural signals as with the 
aural homing device, plus visual indications; there are the same 
signals over the station as with the preceding types, which are con
finned by very vigorous antics of the needle on the dial. In spite 
of the automatic volume control which these compasses contain, and 
which is used to normalize needle sensitivity, the sensitivity in
creases enormously as the ship gets near the station. Directly over 
the station the needle goes crazy, suddenly and briefly pauses, and 
then goes crazy again. This corresponds to the build-up, dead spot 
and surge in passing over a range station by the aural method. The 
high sensitivity persists for a time, but now, when we turn slightly 
to the right, the needle indicates a left turn, showing that the 
station ls behind us. 

In addition to automatic volume control, radio compasses con
tain a manually operated sensitivity control. Common practice ls to 
set this control so that a turn of 30° from the direct line to the 
station moves the right-left needle to its limit. In spite of auto
matic volume control, as the ship gets near the station, sensitivity 
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increases so that a turn of considerably less than 30° will move the 
needle to its limit. Therefore, this setting is usually made when 
about 200 miles from the station, again at 100 miles from the sta
t ion and again about 35 miles from the station. 

Remember that with automatic volume control operating, the vol
ume of the aural signals received will not noticeably change with 
change of distance from the station. If you are depending on aural 
signals to fly a beam, the automatic volume control must be "off". 
If you are receiving visual indications it will have to be turned 
off separately, but if you have turned off the visual indications 
and the compass receiver is operating aurally only, the automatic 
volume control is automatically turned off. 

As with the aural homing device, a CW oscillator installed in 
the circuit makes for much sharper null angles - more accurate di
rectional indications. 

The loop of the radio compass is affected by the structure of 
the airplane just as the loop of the aural homing device; it has the 
same positional (azimuth) errors and must be calibrated in the same 
way. In fact a radio compass is essentially an aural homing device 
having mechanical, as well as human, detection of null signals, plus 
a right and left indication. 

The sense antenna, of course, is not shielded electrostatically 
and is subject to stattc. If it ls more important to receive stat1c
free signals in your head set than to have the visual direction in
dication on the dial, the sense antenna can be disconnected. This 
will permit the loop to function as a static eliminator but changes 
your compass to an aural homing device without visual direction in
dications. If the loop ls then turned to the best position for 
static elimination (maximum signal position) it is almost completely 
ineffective as a homing device. 

Inaccurate receiver tuning and the conditions which cause mul
tiple courses, bending, false cones of silence, etc. in aural range 
operation all have an effect on the radio compass. With the aural 
homing device this effect was noted as a broadening of the angle in 
which the null signals were received; the effect is the same with 
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the compass. The right-left needle of the compass indicates the 
null and reflects the comparison between the signal received by the 
loop and the signal received by the sense antenna. The widening of 
the null signal angle makes the needle less sensitive and sometimes 
erratic in its operation. Therefore, if a null bearing is more than 
5° wide (providing the circuit includes a CW oscillator) the compass 
must be eyed with suspicion, ita indications takes as only approx
imate, and appropriate safety measures followed. 

In discussing the aural homing device it was noted that much 
better results could be obtained by taking bearings on commercial 
broadcast stations or on the voice signals fran a range station than 
on the beacon signals, since the beacon signals are transmitted by 
directive antenna. The same holds true for the radio compass. 

HOMING 
~COURSE 

' \ 
~ 

E~'FECT OF A DIRECTIVE TRANSMITTING ANTENNA 

ON A HOMING COURSE 

Some commercial broadcast (entertainment) stations now anploy 
directive antenna in order to assure coverage of certain areas. In 
such cases the compass will be affected by this artificial center of 
signal field intensity and the homing path will be a parabola rather 
than a straight line to the station. 

Night effect (swinging) is conunon with bott1 radic range and 

212 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



RADIO COMPASSES 

commercial broadcast stations. But particularly with high powered 
stations it is usually neither serious nor even bothersome within 
distances up to 50 miles trom the station. The reason is that on 
frequencies up to around 1000 kc comparatively little sky wave 
bounces back to the earth within 50 miles or the station. 

Mountainous terrain, large cities with their steel structures, 
etc., in tact anything which tends to distort or bend radio waves is 
bound to attect compass indications, since the compass indicates the 
direction trom which the radio waves are striking the loop. Nor
mally, this condition is not very serious tor by keeping the compass 
needle centered, the airplane must pass over the station. Usually, 
in such cases the course can be straightened out by averaging the 
swings - !lying your directional gyro or magnetic compass and using 
the radio compass as a reference. It the swinging is excessive, the 
only answer is to proceed by your predetennined plan or dead reckon
ing, depending on that plan to get you close enough to the station 
(normally titty miles) so that the swinging will be damped out. 

One serious irregularity must be particularly noted - the pre
dilection ot a radio compass to "home" on a thunderstonn. It the 
electrical or static discharge trom a thunderstorm is stronger than 
the signals trom the radio station you think you are headed tor, 
you'll end up right in the middle or the thunderstorm it you blindly 
tollow the radio compass. When there is thunderstorm activity and 
particularly it your needle is "rubbery", eye its indications with 
extreme suspicion; use aural range checks as well as visual indica
tions. 

Another thing that must be watched is the ettect ot two sta
t ions on or near the same frequency. It your receiver is detecting 
a carrier wave trom more than one station, the loop (and consequent
ly the loop azimuth needle) will reflect the electrical balance pro
duced by averaging the ditterent signal strengths and their bear
ings. This is more apt to happen with two stations on the same tre-
quency than with two on nearly the same frequency. Radio compass 
receivers are purposely made very selective, but they must be ac
curately tuned. For instance, WOR at Newark on 710 kc and WLW at 
Cincinnati on 700 kc are very powerful broadcast stations. It you 
were !lying, say, in the vicinity ot Pittsburgh, tondly imagining 
that you were homing on WOR but actually tuned around 705 kc, the 
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result might be surprising. 

In radio range flying the kicking action of the right-left nee
dle when in an off-course zone is very annoying. The compass reacts 
to the carrier wave transmitted by a station. With radio ranges, no 
carrier is being transmitted by the "A" antenna while the "N" anten
na is broadcasting, and vice versa. This "on" and "off" of the car
rier will cause the compass to be "on" and "off" as well. Thus if 
you are in an "N" quadrant,the only times your right-left needle in
dicates direction is during those instants the "N" antenna is broad
casting its dots and dashes. The result is a kicking action of the 
needle, since the needle will return to its neutral or off position 
while the "N" antenna is broadcasting. When directly on the beam 
kicking will only occur while the station is broadcasting identifi
cation signals, since the rest of the time the interlocking of "A's" 
and "N's" on the beam produces a constant carrier. This kicking ef
fect is greatly reduced or smoothed out with the new type 5-tower 
range stations; wlth these stations,carrier from the central (voice) 
tower is on all the time. 

The visual type radio compass is subject to exactly the same 
effect of drift as the aural homing device, that is, unless correc
tion is made for drift, the airplane will fly a parabolic course, 
and come over the station headed directly lnto the wind. 

Correction for Drift 

The easiest and surest way to correct for drift if you are 
working with a radio range station, ls to fly the beam aurally as 
well as visually. You will very shortly find a directional gyro 
heading and a null position for the loop that stay constant while 
you hold the edge of the beam. Remember that to fly a beam aurally 
with a radio canpass receiver, the automatic volume control must be 
turned off and volume controlled manually. Radio compass automatic 
volume controls have such wide latitude and operate so quickly that 
with automatic volume control operating, an on-course signal is 
heard even when the airplane is well outside the normal audible 
limits of a bl-signal zone. Automatic volume control being inoper
ative, the compass needle will fluctuate through wider angles as the 
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signal strength increases. These wide fluctuations are decreased as 
you reduce the signal volume for nonnal aural reception and can be 
more or less controlled by adjusting the sensitivity setting. Ob
viously, any time you wish to aurally check your position with re
spect to a beam, automatic volume control must be turned off. 

If no beam is available but accurate wind aloft reports can be 
had, it will help to calculate the drift angle by the usual method 
and apply that to the gyro heading. If the station bearing as shcmn 
by the loop azimuth dial (slightly to the left or right of zero) and 
the gyro heading both remain constant your actual drift is as cal
culated, and you are flying a straight course to the station. If the 
station bearing changes, your calculation of drift ls off somewhat. 
So use your head and increase or decrease your drift allowance as 
indicated until you find a gyro heading and a loop position where 
both the gyro heading and the null bearing remain constant. You are 
then flying a straight llne course toward the station. 

If you have no idea of the direction or velocity of the wind 
simply follcm that part of the instruction ln the preceding para
graph which involved the correction of your calculated drift anr;le. 
When you have found the heading and loop position which keeps your 
radio C;Ompass zero, and your gyro heading constant,you are accurate
ly correcting for drift and making good a straight line course to 
the radio station. 

Cross Bearings 

As with the rotatable loop type aural homing device, a loop 
azimuth scale ln the coCl<Plt shows the position of the antenna with 
respect to the longltudlnal axis of the ship. Thus, ln order to take 
a bearing on a station lt ls not necessary to point the airplane to 
take the bearing but merely to rotate the loop until lt ls on the 
null position (compass right-left needle zero) wlth respect to that 
station. 

Cross bearings with the radio compass a re taken exactly as with 
the rotatable loop type homln~ device described above, except that 
the null position or the loop, as indicated by the right-left needle 
on the dial and confirmed by signal strength ln tile head set, ls 
much sharper and more accurate than the signal volun1e indication 
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alone. One thing to remember is that the bearing given by the loop 
azimuth indicator is !!.Q! the magnetic compass bearing o! the sta
tion, but the bearing or the station to the right or left o! the 
longitudinal axis or the ship. To get the magnetic bearing, this 
right or left azimuth must be added to (i! to the right) or sub
tracted from (i! to the left), the magnetic heading to get the mag
netic bearing o! the station. 

45° Bearings 

One o! the things we learned in high school mathematics was 
that in a right angle triangle, the other two angles or which are 
45° , the legs opposite these 45° angles are equal. 

45° 

c 

In this triangle the line AB equals the line AC, 

This principle is used to detennine position laterally from a 
station. Assume that we are making good a ground speed o! la:J miles 
per hour and that there is a station ott to the right or our course 
which we can tune with our radio compass receiver. We set the loop 
so that its null position is 45° to the right or the longitudinal 
axis o! the ship,tune that station and when our compass needle reads 
zero, note the time. We then rotate the loop so that its null posi
tion is at 90° to the longitudinal axis o! the ship and continue our 
course. When the needle again reads zero we know that the station 
ls directly on our beam (at right angles to us) and again note the 
time. I! the time between the two zeros ls 10 minutes and we are 
making good a ground speed of 120 miles per hour (two miles per min
ute) the station is 20 miles away , !or we must be the same distance 
away !rClT! the station as the distance we have traveled since it 
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bore 45° from the ship. 
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USE OF 450 BEARING FOR LATERAL ORIENTATION 

DIRECT READING TYPES 

The right-left needle or the conventional null type compass 
does not indicate the amount or the angle between the null po
s1 tion of the loop (or heading or the airplane) and the line or di
rection to the station if the loop (or the airplane) ls pointed off 
that line. To measure this angle hold your heading steady and rotate 
the loop until the right-left needle shows zero. The loop azimuth 
dial then shows the amount of this angle. There ls a very indefinite 
indication of the amount of this angle in the amount of deflection 
of the needle but since this deflection ls a measure or differential 
signal strengths between the loop and sense antennas it ls more af
fected by volume control setting than by angle of bearing. As we 
have seen, both automatic volume control and manual sensitivity con
trol are used in an attempt to normalize needle sensitivity, but 
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still, as we get closer to the station, small changes or angle pro
duce larger and larger deflections or the needle . Theoretically, by 
a process of constant adjustment of the .sensitivity control, the 
amount of deflection of the needle could be used to measure the 
angle or bearing to the station. But this process of continuous 
adjustment is only theoretical and has no practical value in the 
cockpit. 

There are two types of compasses now available and at least one 
in the experimental stage which give a direct reading in degrees of 
the angle between the heading of the ship and the straight line !ran 
the ship to the radio station, that is the bearing of the station 
with respect to the heading of the airplane. 

The Simon Radio-Guide 

This very ingenious device uses two loops, mounted at right 
angles to each other which are connected through a double channel 
receiver to a crossed pointer (double channel) meter - in effect 
two receivers and two compass needles. The pointers actuated by 
this meter are mounted on the same dial and the pointers inter
sect. The dial 1s marked with index lines to indicate bearings to 
the right and left, the pointer intersection with relation to these 
lines indicating the bearing of the station from the heading of the 
ship, in degrees. A maximl.Ull bearing of 45° to each side can be read 
directly without rotating the loops. 

The effect of these two loops mounted at right angles is to 
produce a signal strength roughly equivalent to that or one loop 
mounted in the maximl.Ull signal position. If one loop is in the null 
position the other is in the maximl.Ull signal position; if one loop is 
in the 1/3 maximl.Ull signal position (2/3 null) the other is in the 
2/3 maximl.Ull signal position, etc . No matter what the bearing of the 
station, the two loops add up to one loop in the maximl.Ull signal po
sition. This increases the effective working range of the compass 
very materially, making it operative both visually and aurally over 
much longer distances than would be possible with one loop in the 
null position. 

Another effect of the two loops is to minimize "night effect" 
to a large extent. What a loop really does is to show the direction 
from which the rad.to waves are reaching the antenna, which is nor-
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DIAL OF THE SIMON RADIO GUIDE 

mally in a straight line from the radio station. But when "sky wave" 
from the Heaviside Layer strikes the antenna,certain differences in 
potential are set up between the top and bottom of the loop, due to 
the vertical angle of these waves. The same difference in potential 
holds true in each of the double loops of the Simon Compass but 
since this difference is equally amplified for each loop, the two 
tend to cancel each other, and night effect is entirely or largely 
eliminated. This is particularly true with this compass since the 
only time it utilizes a sense antenna is in solving the problem of 
ambiguity. 

Since in using this compass the pilot reads the intersection of 
the two needles with respect to an index line, the kicking of these 
needles when working on the old type radio range is particularly 
annoying. Their point of intersection remains unchanged with respect 
to the index line, tut the kicking causes this point of intersection 
to slide up and down on the line. 

This compass, instead of having two 180° ambiguities has four 
ambiguities, 90° apart. The two loops being mounted at 90° to each 
other can compare signals from the sides as well as ahead and be
hind. The problem of ambiguity, however, is instantly solved by 
merely pressing a "sense" button on the dial. The resultant action 
of the needles shows at once in which quadrant of t he loops the sta-
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tion lies; if the station is ahead the intersection remains un
changed. 

Cross bearings up to 45° may be taken directly without rotating 
the loops; beyond this limit the loops are rotated in the usual man
ner. As the station is approached .there is the usual increase in 
sensitivity and to less noticeable extent, in aural signal strength. 
Passage directly over the station is indicated by the very wild 
fluctuations of the needles. Immediately after passing over the 
station, direction indications are reversed. 

Buscignie's Compass 

This compass has been developed by a French affiliate of Inter
national Telephone and Telegraph Co, It consists of a single motor
driven loop which revolves at 300 r.p.m., thus producing 600 maximtm1 
and 600 minimtm1 signals per minute when tuned to a radio station. 
On the rotating shaft of the loop is installed a small generator, 
the phase of which is held constant and coincident with the longi
tudinal axis of the ship. Thus the current from this generator 
takes the place of signals from a sense antenna and no sense antenna 
is required with this compass. By comparing the phase of the maxi
mtm1 and minimtml radio signals received with the phase of the cur
rent produced by the generator, the angle between the longitudinal 
axis of the ship and the bearing of the station can be constantly 
measured. 

This angle or bearing ls shown by a dial similar to a direc
tional gyro or magnetic compass dial but as is true with all visual 
types we have discussed, this reading is not the compass bearing of 
the station, but the bearing of the station from the longitudinal 
axis of the ship. As with the others, the magnetic heading of the 
ship must be converted tc true heading by adding or subtracting var
iat ion and deviation; to this true heading must be added or sub
tracted the azimuth of the station to get the true compass bearing 
of the station from the airplane; the reciprocal of this compass 
bearing is the bearing of the ship from the radio station and can be 
plotted on a map. 

This compass measures all bearings from the ship; it is not 
limited to 45°; lt has the same 180° ambiguity as the others we have 
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discussed; it gives approximately the same indications over the sta
tion. It does not give a right or left indication (as a turn in
dicator) but for homing the pilot holds the ship on a bearing, as 
with a compass or directional gyro. 

It has the tremendous disadvantage of not producing readable 
aural signals. Thus it is necessary to depend solely on the accur
acy of the calibration of the receiver tuning dial to be sure that 
you are tuned to the station you want to use. Particularly in using 
radio compasses in connection with range stations, it ls most de
sirable to have aural signals as well as visual. In flying a beam 
and detecting beam intersections for radio fixes (necessary for Air
way Traffic Control Procedure) aural signals are a necessity. With 
the Busc1gn1e canpass an entirely independent aural receiver system 
must also be carried if aural signals are to be heard. 

Sperry-RCA Automatic Direction Finder 

An experimental type under development by Sperry and R.C.A. 
provides, in combination (1) continuous station bearing indication 
throughout 360°, (2) freedom from the 180° ambiguity, and (3) scales 
for simplifying navigation. In addition, means can be provided for 
connecting this automatic direction finder to the gyropilot - in 
other words automatic and mechanical navigation in addition to auto
matic and mechanical piloting. 

This device provides continuous manually controlled aural sig
nals (independent of the automatic volume control) while functioning 
as an automatic direction finder. The navigational scales provide 
mechanical computation of the true bearing of any radio station 
whereas with other compasses the pilot must compute this by starting 
with heading, adding or subtracting the station bearing from the 
longitudinal axis of the ship and adding or subtracting magnetic 
variation and deviation. 

In operation, a small motor automatically maintains the loop 
in the null position, a pointer on the instrument panel indicating 
the position of the loop. However, the control head is mounted 
horizontally and thus the pointer indicates the station direction in 
the horizontal plane in a natural manner. The small motor directs 
the loop at a speed up to 30° per second, thus enabling the pilot 
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to take cross bearings about as rapidly as the various stations can 
be tuned. This equipment has been undergoing flight tests in an 
American Airlines Douglas on regular schedule with successful re
sults. 

CONTROL PANEL OF THE SPERRY-RCA AUTOMATIC 
DIRECTION FINDER 

A subsidiary development of this project may provide automatic 
calculation of and correction for drift, permitting either the human 
pilot or the gyropilot to fly an absolutely straight course, the 
necessary corrections for drift being made automatically. 
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CHAPTER X 

INSTRUMENT LANDINGS AND OTHER D'EVELOPMENT PROJECTS 

No attempt will be made here to cover the complete history or 
the errorts which have been made tor a number or years to develop a 
positive, sate and satisfactory system or completely blind landings. 
There is now substantial agreement among interested people as to 
wt.at is required, but as yet there is no proven system or instrument 
landings which provides complete conformity with these requirements. 
In order to show what sort or system the meeting or these require
ments will provide and why these requirements were set as they are, 
we will very sketchily trace the developments to date and describe 
what is now available. It is believed that complete satisfaction or 
these requirements can be met, but there are still technical 'bugs' 
in both the receiving and transmitting apparatus to be worked out. 

Historically,development has followed two general lines : first, 
systems which provide orientation in the horizontal plane (course 
and distance) by radio signals, with the altimeter providing guid
ance in the vertical plane and, second, systems which provide ori
entation in both planes tJy radio signals. The first type is, or 
course, limited in its usefulness by the accuracy or sensitive alti
meters. Since the manufacturers or these instruments admit an al
lowable error or plus or minus 40 reet, and poorly maintained in
strtnnents may de~elop errors considerably greater in amount, it is 
obvious that while the altimeter may be relied upon to bring the 
airplane down to a comparatively low altitude above the ground, the 
actual landing trom this type or approach is normally made by visual 
contact methods . 

Our standard systems or low approach · as described in Chapter v 
are illustrations or this first type, the margin or sarety by which 
we plan to clear obstructions and the minimum altitude to which de
scent may be made, giving effect, among other things, to altimeter 
errors. In the straight-in type or these approaches where one leg 
of the beam crosses the field, the beam gives us lateral orienta
tion and the cone of silence is utilized as a marker to give us 
longitudinal orientation (distance). Completely blind landings have 
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been made with such a set-up, where a pre-detennined altitude over 
the station, air speed and rate of descent were used, but you 
wouldn't have to sit through very many of thElll as safety pilot to 
realize how completely unsafe and unsatisfactory they would be for 
regular operations. The first intentional instrument landing on 
record was one of this type made at Mitchell Field by Jimmy Doo
little on Sept. 24, 1929. 

In the type of turn approach such as explained for Wayne County 
Airport in Chapter V, the known radius of our turn from a known 
point (the cone of silence) plus the indications of our directional 
gyro provide lateral orientation. In this approach we have two 
markers for longitudinal orientation, the cone of silence providing 
the outer marker and the south leg of the range providing the inner. 
Again we must depend on our altimeter for orientation in the ver
tical plane. If it is in error and too low, we will undershoot the 
field; if it is too high we will overshoot. 

At some airports the pilot's ability to pick up the ground has 
been greatly increased by the installation of "approach lights" 
along the course he will follow from the range station into the 
field. These lights have been tried out in various fonns,but 
probably the most satisfactory arrangement is a row or horizontal 
"ladder" or red neon lights extending from the end of the runway di
rectly toward the range station (where a straight-in approach is 
standard). At Newark these lig):lts are ten feet long, placed at 100 
toot intervals for a distance of 1500 feet out from the field. At 
the end of the runway there is a double green boundary light and a
long the edges of the runway are white flush-type runway marker 
lights. Red neon has proven most satisfactory because red light 
penetrates fog and smoke better than other colors and there is no 
glare to the neon. Letting dcwvn from the range station toward the 
field, the pilot picks up the red of the neon, and ground contact is 
established. He may not be able to distinguish the ground itself, 
but he follC71'1s his red ladder; if he is high, he drops a little 
faster; if he is too low, he holds the ship off. The green light 
flashes under him. He still may not be able to see the ground 
clearly, but he can see the runway markers and they are flush with 
the ground. Watching these, he makes his landing by purely contact 
methods. Because of the poor visibilities that so frequently pre
vail at Newark, a movement is on foot to have these neon approach 
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lights extended out halt-way from the end or the runway to the range 
station. 

Shortly arter the first intentional instrument landing was made 
in 1929, which landing utilized only one marker (the cone or si
lence) another marker was added to the experimental system to give 
the pilot notice that he was over the boundary or the field. Two or 
more position markers are now standard on every system or instrument 
landings under development, the outer some two miles from the field, 
and the inner, usually 1000 to 1500 reet from the runway. 

At various times at Newark we have had an attempt to adapt the 
standard low approach range procedure to instrument landings. The 
cone or silence over the range station provided the outer marker; 
the northeast leg or the range which passes directly over the long 
runway or the field was the runway localizer. The inner marker was 
provided by a so-called "squawker" marker. This was simply a low
p011ered ran-shaped vertical signal field at right angles to the beam 
and on approximately the same frequency as the range. When tuned to 
the range and !lying along the northeast beam, there would be a 
sharp heter6dyne howl while passing through this marker signal 
field. It sounded tor all the world like a tomcat on a back ranee 
giving vent to a whole night's vocal accomplishment in one brier 
second. The signal was only audible tor about three to tour hundred 
feet either side or the beam and to a height or about tour hundred 
feet above the ground. I! the ship were outside those limits the 
squawker would not be heard, but it outside those limits, it was not 
in proper position to land anyway, so the limits or effectiveness 
were a safety !actor. 

Using the squawker, the approach was made exactly as described 
tor Newark in Chapter V, crossing the range station at 800 feet, 
letting down on the northeast leg toward the field. In this case 
the ship let down to 200 feet and then held that altitude with re-
duced speed until the squawker was heard. The squawker signal 
lasted only about a second but it was so loud and so distinctive 
that there was no doubt about identifying it. This located the ship 
as lined up tor the runway, 1000 feet from its end and 200 reet in 
the air. The pilot again closed his throttle until about fifty reet 
ott the ground when he cracked it slightly, and put his wheels on 
the ground in a squashing power glide. 
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It worked beautifully when the altimeter was right. However, 
we were never able to keep the squawker !or more than a week or so 
at a time; somebody was always stealing the transmitter !or the 
couple o! dollars worth o! brass and copper it contained. 

The first development o! the second type was an attE111pt to use 
a rlll'IWay localizer beam !or lateral orientation (!light path), two 
markers tor longitudinal orientation, and a curved beam in the ver
tical plane tor vertical orientation. Th.is latter type or beam will 
be referred to henceforth as the "glide path". These first beams 
were not aural, but operated two crossed ~eeds on a dial in the 
cockpit. Movement o! the vertical reed from le!t to right indicated 
that the plane was to the left or right of the localizer beam, which 
was of course directed down the runway; movement of the horizontal 
reed above or below its normal position indicated that the plane was 
above or below the glide path. Fundamentally this ls the type o! 
system on which principal development ls taking place now. The 
early attempts were only theoretically successful because o! numer
ous defects, such as bends in the localizer due to reflection from 
buildings, wrong slope of tte glide path for practical use, kicking 
action of the reeds, making it d1!f1cult to tell when the airplane 
was diverting slightly from the localizer. The history of the de
velopment or this type of instrument landing system from then to now 
ls largely a long story of juggling technical advances to eliminate 
these detects. 

One of the most interesting stages in this development was an 
attempt to mount the transmitting apparatus on a truck or trailer so 
that it could be shifted to whatever runway was required by surface 
wind conditions prevailing at the time it was to be used. 

Hegenberger System 

The Air Corps under the direction of Major Hegenberger worked 
out a system utilizing a radio compass in the airplane, two radio 
stations and two marker beacons on the ground. The system was sim
plicity itself . Its biggest drawback was its utilization of the 
altimeter for vertical orientation. 

In this system, two radio stations on different frequencies but 
both in the radio range band of 200 to 400 kc were set up, the first 
1500 feet from the end of the runway, the second some two miles from 
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the boundary of the field. For purpose of illustration, assume the 
inner to be on 300 kc, the outer on 350 kc. There were no beams. 
Installed with each radio station was an ultra-high-frequency 
marker, producing a vertical, fan-shaped pattern at right angles to 
the flight path and extending for some three or four hundred feet to 
each side of the station. This marker beacon caused a signal light 
on the instrument panel to light up when the airplane was directly 
over the station. A diagram of the system looked like this: 

(2) (1) 300 
TYPE HEADING 180° (S) 

--.... PROCEDURE ALTITUDE lOOO' HEADING 0° 
/' ...... ~ TURN I DESCENDING 

AIRPORT 
BOUNDARY 

( '"'-, t MAR:~M 2\' 
''--.-*-~~;~-+----4--f-Jt 1---R_U_NW_AY __ 

HEADING o· STATION HEADING o· /' INNER 
ALTITUDE 1000' 350 KC. DESCENDING STATION 

(3) TO 200' 300 KC. 
(4) 

THE HEGENBERGER SYSTEM OF BLIND LANDINGS 

The pilot would tune his radio compass to 300 kc, the fre
quency of the inner station, and fly over it headed in the general 
direction of the outer station. His directional gyro was set at 
180°, but caged. llllllled1ately on getting the flash from the marker 
signal which told him he was directly over the station, he would 
tune his receiver to 350 kc, the frequency of the outer station, and 
with almost violent rudder action, if necessary, center the pointer 
on the radio compass dial, which means that the airplane was then 
pointed directly at the outer station. He would then uncage his 
gyro. This was a matter of only a. couple of seconds. He was still 
over or practically over the inner station, so that 180° represented 
a gyro course (no relation to compass course) from inner to outer 
station. When he came back from the outer station toward the inner, 
the reciprocal course would be o0 :on his gyro. The two stations 
were always lined up with the runway so that this course of o0 from 
the outer station and over the inner would extend to the runway. 
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Having tuned the outer station and set his gyro on 180° he pro
ceeded over and a little beyond the outer station, ma.de a procedure 
turn,and came back over the outer station at 1000 feet with the air
plane well slowed down. His gyro was now reading approximately o0 

and his nose was pointed at or very closely to the inner station. On 
getting the maricer !lash which told him that he was over t\le outer 
station, he immediate~y tuned to 300 kc for the inner station,throt
tled back to start his descent and kept the radio compass needle on 
zero, which brought him over the inner station. Asstuning there was 
no drift, his gyro would either be on o0 or very close to it, while 
keeping his compass needle centered. The idea was to reach 200 feet 
just before crossing the inner station, to crack the throttle suf
ficiently to hold z:io feet without increasing the air speed and to 
cross the inner station at exactly 200 feet. On getting the !lash 
that told him he was oyer the inner station, he again . throttled back 
and started a power glide. Having left the station behind him, his 
radio compass was of no further use to him, so he !olla.ved his gyro 
heading of o0 , controlled his rate or descent and when the altimeter 
showed 50 feet, cracked his throttle and began to pull his nose up 
very slightly to slow up his speed and check his rate of descent. 
Then he sat there and watched the altimeter show 40 feet, 30 feet, 
20 feet and so on, and waited for the bump. The idea was to contact 
the ground with the rate of climb showing 300 feet per minute down 
(5 feet per second, equivalent to the speed a freely falling body 
acquires in a drop from five inches). If the altimeter was accurate 
it wasn't so bad, but if the altimeter started to show below zero, 
and still no ground contact, the strain was terrible - even though 
he knew that the safety pilot sitting right beside him would keep 
him out of trouble, If the bump didn't come until about fifty feet 
below zero, the sweat would be coming out all over, no matter how 
cold the day. I know. When the bump did come, if the airplane had 
been correctly handled it wasn't a bad one. The ships had good 
strong landing gears, and I've made much worse landings at times 
when I could see everything for ten miles. But it was hardly the 
thing to put a load of passengers through. 

But if there was drift, the story became more complicated. You 
will remember that in flying a radio compass with no correction tor 
drift the actual course flown ls a parabola with the airplane head
ing directly into the wind over the station. Thus, 1! tile pilot, 
while coming from the outer to the inner stations had concentrated 
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his attention on keeping the compass needle centered he might find 
when he crossed the inner station that his gyro, instead of reading 
o0 ,was reading 30 to 40 degrees off zero which meant that instead or· 
being pointed for the runway, he was pointed thirty or forty degrees 
ott the runway. The answer to that was to open the throttle, get 
some altitude and fly the course between the inner and outer sta
tions until he had determined the angle of drift; then to come over 
the outer station at 1000, tune the inner, start his descent and 
hold a gyro heading and position of the compass needle that com
pensated for his drift; after crossing the inner station,to continue 
that same gyro heading to the ri.mway. That worked all right pro
vided the drift was the same close to the ground as at 1000 feet, 
and it frequently is not. The combination of this fault . plus the 
tact that dependence had to be placed in the altimeter plus the fact 
that there were no aural signals, ruled this system out for airline 
use, even when used in combination wtth a system of approach lights 
which would be picked up from 200 feet except under the worst con
ditions. 

The Lorenz System 

This system was developed in Germany and most of the more im
portant air terminals in Eurcpe now have the ground equipment in
stalled. As used in Europe it consists of a localizer beam on an 
ultra-high frequency which gives both aural and visual signals to 
indicate on or off-course,and two ultra-high frequency markers which 
produce both aural and visual signals to indicate when the airplane 
is approximately two miles from the field and. approximately 1000 
feet from the end of the runway. A glide pa.th is also provided but 
it is not satisfactory and in Europe is used only experimentally. 
The combination of visual and aural signals is, of course, a great 
advantage. The visual signals are not radio compass signals; they 
are obtained by a form of detector which is actuated by the pre
dominance of one or the other off-course signals (in this system, 
dots to the left and dashes to the right). Signals are usable up to 
a distance of about 2::J miles (30 kilometers) from the transmitter 
and due to the ultra-high frequencies employed are free from atmos
pheric effects. 

The localizer beam is produced similarly to the beams of our 
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radio ranges. The field to the right of the localizer beam is keyed 
with a succession of dashes, that to the left with a succession of 
dots, and their interlocking produces a monotone "T" in the equi
signal zone. As used in Europe and demonstrated in this country the 
frequency of the localizer is 33.3 me. 

3000' -----

~ 
I DIRECTION 

-~t~~~~--'-~~~~~~GROUND--'---"'--~
VERTICAL AELD OF MARKER 

SIGNAL PERPENDICULAR 
TO LINE OF FLIGHT. 

VERTICAL AELO OF 
MARKER SIGNAL 

IN LINE OF FLIGHT. 

MARKER FIELDS OF THE LORENZ SYSTEM 

The markers are very similar to our "Z" type markers; th.ey pro
duce both aural and visual signals. They operate on a frequency of 
38,0 me. The outer marker is modulated with an audible tone of 700 
cycles (fairly low tone) and keyed with dashes; the inner is modu-· 
lated with a high tone (1700 cycles) and keyed with dots. The mod
ulation of the localizer is a tone intennediate (1150 cycles) be
tween that of the two markers. 

The glide path signals emanate from the same transmitter as the 
localizer signals. These glide path signals are not audible but 
operate a pointer on the dial in the cockpit. 

GUDE PATH 
INDICATOR 

LOCALIZER 
INDICATOR 

INDICATOR DIAL OF THE LORENZ SYSTEM 

The dial has a vertical pointer which moves to the right or 
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left to indicate a position to the right or left ot the localizer 
and a horizontal pointer which moves above or below zero to indicate 
a position above or below the glide path. There also are two signal 
lights, one ot which lights up when the outer marker is crossed, the 
other when the inner marker is crossed. 

As used in regular operation in Europe the pilot comes over the 
outer marker at a predetermined altitude (usually about 700 teet) 
and starts descent at a constant rate, holding a minimum altitude 
over the inner marker from where he continues his descent to the 
field. It the ground cannot be seen before contact he utilizes a 
sort ot squashing power glide to put his wheels on the ground sim-
ilar to the method used with the Hegenberger system. In other 
words, he is dependent on his altimeter tor orientation in the ver
tical plane. 

TRANSMlnER 

\ 
GROUND 

POINT OF 
LANDING 

SCHEMATIC DIAGRAM OF THE LORENZ SYSTEM 

As dE111onstrated in this country the glide path was used to con-
trol altitude. In operation the pilot reaches the vicinity or the 
field by radio range, radio compass or other means. When within ap
proximately 20 miles ot the field the Lorenz receiver is turned on 
and the pilot places himself on the localizer beam just as he would 
on any other beam, being assisted by the tact that he has visual 
signals with right and left indications, as well as aural signals,to 
guide him. Having gotten on the localizer beam he determines the 
gyro heading necessary to stay on the beam by bracketing the beam 
just as we did in Chapter IV. He crosses the outer marker,indicated 
by lighting or the left hand light and a series ot audible dashes 
on a lo.v note, at an altitude or 700 feet. The system is so designed 
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that the glide path will be at that altitude over the outer marker. 
The pilot starts his descent, keeping the vertical pointer centered 
by observation or the aural signals, the gyro heading and the move
ments or the pointer itself. He keeps the horizontal pointer cen
tered by use or the throttle, controlling air speed by elevators and 
stabilizer. He will nonnally cross the inner marker, indicated by 
lighting or the right hand light, and a series or audible dots on a 
high note, at an altitude or about 100 feet. He knows that the run
way is 1000 feet directly ahead or him and 100 feet below him and 
continues his flight controlling it in exactly the same way until 
his wheels touch the ground, whereupon he closes the throttle and 
applies the brakes, still using the indications or the localizer to 
keep rrom running orr the runway. 

Or at least that was the way it was supposed to be; and actual
ly it v.orked out fairly closely. It was round that the localizer 
beam was too wide and that the localizer needle had the same old 
kicking characteristics, making it easier to fly the beam aurally 
than visually. There was considerable difficulty with the glide 
path because it is curved instead or straight and frequencies used 
are not suitable in this country because or interference. These 
difficulties are largely technical 'bugs• which the engineers reel 
confident they can overcome. 

The Air Track System 

The "Air Track" system or instnunent landings is now in opera
tion on an experimental basis at Pittsburgh-Alleghany Airport. Its 
fundamental principles or operation are similar to those or the 
Lorenz system, the differences being almost entirely in details such 
as the frequencies employed, method or keying, etc. In addition 
the transmitter is mounted on a truck pennitting changing location 
to meet prevailing surface wind direction. 

R.T.C.A. Standard Requirements 

The R.T. C.A. (Radio Technical Committee for Aeronautics) com
posed or the various airlines, Civil Aeronautics Authority, Federal 
Communications Commission and numerous technical bodies have agreed 
on a set of standard requirements for an instrument landing system 
which all feel can be satisfied and which will pennit instrument 
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landings to be made positively and safely. 

The desired system will consist of a localizer beam on ultra
high frequency without bends or multiple courses. The beam will be 

not over 3° wide (probably narrower) and produce both aural and vis
ual signals with a smooth indication by the visual pointer. It will 
have a glide path, also on ultra-high frequency, the angle of which 
will be adjustable to meet the glide characteristics of different 
types of airplanes. There will be outer and inner markers on ultra
high frequency whl.ch will produce both audible and visual indica
tions. The entire system will be monitored from one control point 
so that the operator can be sure that all features of the system are 
operating properly. Approach li~ts will be installed as part of 
the system. 

Additionally, it is contemplated that a radio compass may be 
used as well as the visual and aural beam signals, and that the 
equipment will be so designed as to facilitate a hook-up with the 
gyrop1lot. 

Bendix System 

The Bendix Radio Corporation has developed a system of instru
ment landings which seems to confonn to the R.T.C.A. Standard Re
quirements, above. In its fundamentals it is quite similar to the 
Lorenz system and consists of a glide path and runway localizer 
beams, inner and outer position markers on ultra-high frequencies. 
It overcomes most of the objections to the Lorenz system particular
ly in providing satisfactory visual indication of the runway local-
izer beam. It is being operated, apparently quite satisfactorily, 
on an experimental basis at Oakland, California. Other experimental 
installations are to be made shortly at several important airports. 

It is apparent that the radio systems of instrument landings 
are similar in principle, differing only in details. All three of 
the more successful experimental systems (Lorenz, Air Track and 
Bendix) are rapidly being brought to conformity with the R.T.C.A. 
Standard Requirements. 

Connection with Gyropilot 

Considerable development has taken place on a system !undamen-
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tally similar to the Lorenz and Bendix systems \\here the vertical 
and horizontal pointers are connected to the gyropilot and actually 
fly the airplane throughout the landing procedure. The pilot gets 
on the localizer and over the outer marker at the proper altitude, 
whereupon the gyropilot takes over the controls, the pilot making 
only adjustments to the throttles and the controls or the gyropilot 
as required. 

OTHER PROJECTS FOR FUTURE DEVELOFMENT 

In our discussion or instrument landing systems it has been ap
parent that many or our present aural range systems could be fairly 
well adapted to complete instrument landings simply and inexpensive
ly it it were not ror the errors inherent in any aneroid barometer 
type or altimeter. The instr1.B11ent manufacturers have gone rar rrom 
the old days or the so called "standard altimeters" but it is un
likely that any aneroid altimeter tor practical, every day use in an 
airplane can ever be made to be completely tree rrom error. 

Absolute Altimeters 

Absolute altimeters which would show positively and accurately 
the actual height ot an airplane above the ground beneath it, or at 
a normal angle in front or it, have been the subject or experimenta
tion ror a number or years. Several sonic types, working on the 
time interval required tor sound to travel rrom an airplane to the 
ground and back again (the principle used in a Fathometer) have been 
especially popular experimental types. Fairly good results have 
been obtained, but the equipment is too heavy and too bulky tor 
practical use in an airplane. Experiments are continuing. 

Other types which are now the subject or experiment utilize 
radio waves in place or sound waves. Some or these days someone 
will perfect one or these absolute altimeters, and when that is done 
instrument landings will be possible with the simplest type or 
equipment, particularly it it is not necessary to land on a runway, 
but anywhere on the airport. 

Collision Preventers 

Another type of equipment which is receiving much experimental 
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attention is a device to warn airplanes wlien another plane is in the 
immediate vicinity. This development seems to be taking the form of 
ultra-short radio waves in a controlled field pattern ahead of and 
within certain angles to the sides of airplanes. These si gnals when 
received by another airplane would be a warning. The prevention of 
collisions on the airways is a chief purpose of the Airways Traffic 
Rules and Airways Traffic Control Stations of the Civil Aeronautics 
Authority. An automatic warning of other aircraft in the immediate 
vicinity would be an additional safeguard against such collisions. 

Radio Teletype 

Considerable experimental work is being done on a teletype
writer to be mounted in an airplane and operated by radio signals. 
Perfection of this device would permit the transmission of messages, 
weather reports, etc. from the ground to the airplane in flight 
without tl1e danger of misunderstanding wh ich always exists in radio
telephone conversation , particularly under conditions of poor re
cept ion. 

The Gyro-Magnetic Compass 

Thi s is well along in its development by the Sperry Gyroscope 
Company. In using a directional gyro it is necessary to check 1t 

THE GYRO-MAG COMPASS 
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against the magnetic compass periodically in order to compensate for 
errors due to friction in the bearings or to incorrect setting. 

The Gyro-Mag Compass is a directional gyro which is . continuous
ly and automatically reset to agree with a magnetic compass con-
tained in the same case. Since the compass card or needle is main-
tained in the horizontal plane by the gyro , the compass is not sub
ject to errors caused by dip or acceleration, and northerly turning 
error is eliminated. So far as the pilot is concerned, this mar
riage of the directional gyro and the magnetic compass results in a 
directional gyro which is at all times in alignment with the compass 
and which need not be periodically checked or manually reset to 
maintain this alignment. 

The Gyro-Mag can be connected to the automatic ~ilot for full 
automatic directional fli ght control. 
plished experimentally. 

The Airport Orientator 

This has already been accom-

The a irport orientator is the outgrowth of an idea 'of Horace 
Stark, a pilot for Pennsylvania-Central Airlines. It consists of a 

THE AIRPORT ORIENTATOR 
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small metal disk which is inserted in the directional gyro case. On 
the disk is inscribed a chart of a radio range and the airport which 
the range serves. The disk is oriented with the card of the gyro, 
and turns with the card of the gyro in such a way that the pilot 
always has a map of that range system in front of him prpperly 
oriented for the direction in which he is flying. 

Ultra-high Frequency Ranges 

The Civil Aeronautics Autbority is experimenting with regular 
tour-beam radio ranges on a frequency or 125 megacycles. The ad
vantages of this frequency are freedom from static interference, 
absence of reflected sky-wave (night effect or swinging)and at least 
in flat country apparent absence of multiple courses and key clicks. 
The one range thus far used e:xperinentally in the U.S. had a very 
distinct cone or silence and a particularly acceptable tone quality 
of the beam signals, and notable absence or atmospheric effects. 
Further advantage would be greatly decreased cost of the range 
transmitting installation. The one disadvantage (which might prove 
to be an advantage) is apparently limited working distance, but this 
could be corrected by using more ranges, spaced at shorter intervals 
and providing more check points. Experiments have not yet been run 
in mountainous terrain where the greatest difficulties with the 
present standard low frequency ranges are experienced. This develop
ment 1s still very definitely in the e:xper!mental stage in the U.S. 
but ranges or this type have been installed in Australia. 

The Metcalf 3-Point Landing System 

Irving Metcalf, of the Bureau or Air Commerce, devised and 
experimented with a scheme for blind landing in 'l\hich the pilot is 
artificially presented with a picture representing three lights on 
the airport, one or which would be on the ground at the far end or 
tbe runway, and the other two on poles, above ground a predetennined 
distance and somewhat ln front of the first light. 

It wlll be seen that these three lights define a reference 
plane ln space, and lf suitable transmission means can be arranged, 
the following pictures will be given to the pilot as he changes his 
attitude and post tlon with respect to the desired glide path. 

In practice, lt has been found possible to portray the three 
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SCHErlATIC DIAGRAM OF METCALF SYSTEM 

imaginary lights on the race ot a cathode ray tube, the center spot 
being controlled trom radio beam signals transmitted trom the 
ground. In order to eliminate the complications ot three separate 
ground transmitters, a simplified instrument is being tried in which 
the two outer spots are actuated trom signals obtained trom a gyro
horizon within the ship, The three spots then define the desired 
!light path both laterally and vertically. 

CENTERED ON 
DESIRED GLIDE 

PATH, WINGS LEVEL 

CENTERED IN LINE WITH 
RUNWAY; ABOVE DESIRED 
GLIDE PATH, WINGS LEVEL 

WINGS IN LEFT BANK; SHIP 
TO LEFT OF RUNWAY; SHIP 

ABOVE GLIDE PATH. 

INSTRUMENT PANEL INDICATIONS IN METCALF SYSTEM 

This system has the very desirable feature ot presenting both 
position and attitude indications in a single instrument, thus con
siderably easing the pilot's job during landing. Work is being con
tinued on this system by the Civil Aeronautics Authority and Mass
achusetts Institute ot Technology to detennine its feasibility for 
practical airline use. 

The Flightray 

This is a development of the Sperry Gyroscope Company. It util
izes a cathode ray tube to repeat on one dial the indications from 
several flight instruments along with the visual indications re-
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quired by the proposed standard system of instrument landing. This 
instrument seems to offer a solution of the problem of eye travel 
between a group of instruments. 

THE FLIGHTRAY DIAL 

For flight, the Flightray shows on one dial: 

1. The directional gyro 
2. The artificial horizon 
3. The turn indicator 
4. The ball 
5. Cruising 

CIRCLE INDICATES 
CHOSEN ALTITUDE. 

bank indicator 
alt1 tude 

SHIP DESCENDING TO 
CORRECT ALTITUDE. 

NO TURN. 
COURSE 100 DEG. 

CIRCLE INDICATES 
CHOSEN ALTITUDE. 

SLOW TURN TO RIGHT. 
HEADING 180 DEG. 
FLIGHT AT CHOSEN 

ALTITUDE. 

FLIGHTRAY INDICATIONS WHEN USED AS A FLIGHT INSTRUMENT 
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The first sketch shows the manner in which these indications 
are portrayed. The horizon indications are shown in the conventional 
marmer. The rate or turn is shown by side to side movE111ents or the 
vertical bar. A normal or standard turn is indicated when the bar 
is maintained at the wing tips or the miniature airplane. When the 
instrument is set to show level flight at cruising altitude, the d&
sired altitude is selected and so long as the airplane is at that 
altitude, the concentric circle encloses the miniature airplane. 
The position or the circle thus indicates positions above or below 
the desired altitude. 

For landing, the indications are: 

1. Directional gyro 
2. Artificial horizon 
3. The turn indicator 
4. Glide path 
5. Runway localizer 
6. Ball bank 

7. Harker light signals 
8. Minimum air speed (stall} warning 

BELOW GLIDE PATH. 
CLIMBING TO POSITION 

ON GLIDE PATH. 
CENTERED ON LOCALIZER. 

COURSE 10 DEG. 

ABOVE GLIDE PATH. 
TO LEFT OF LOCALIZER PATH. 
MAKING DESCENDING TURN 

TO RETURN TO PATH. 
HEADING 20 DEG. 

FLIGHTRAY INDICATIONS WHEN USED AS A LANDING INSTRUMENT 

The above sketch shC7flS the manner in which these indications 
are portrayed. The directional gyro, artificial horizon and rate or 
turn indications are the same as for the flight setting. The circle 
surrounding the miniature airplane fuselage indicates position with 
respect to glide path by its vertical motions and with respect to 
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the runway localizer by its horizontal motions. The miniature air
plane ts flown up or down, right or lett to keep the real airplane 
in the glide path and runway localizer. Fore-and-aft and lateral 
attitude of the ship ls controlled by flying the miniature airplane 
with respect to the horizon bar in the usual manner. 

The outer and inner marker signals are shown by the lighting of 
the green light in the upper left corner of the instrument case. 
Minimum safe air speed or stall wanitng ls given by flashing of the 
red light in the upper right corner. 

A selector switch ts provided to change the instrument from 
flight tndtcattons to landing indications. As an instrument repeat
er, the Fltghtray may be used simultaneously in several locations. 

Being a development of the Sperry Company, provision naturally 
ts being made for connecting the Fllghtray to the Gyroptlot so that 
it will fly the airplane by means of the Gyropilot, . the human pilot 
having only to monitor the process and to watch but a single in
strument to do this. 

This instrument has been flown with considerable succ~ss ex
perimentally and ls being actively developed to bring it to a usable 
commercial stage. 
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CHA.Pl'ER XI 

PROCEDURES ON THE AIRWAYS 
Airway Traffic Rules 

When two airplanes are over the same point, at the same alti
tude and the same time, somebody gets hurt . It makes no difference 
if one airplane is supposed to be at some other place, or at some 
other altitude or is over that point ahead of or behind his es-
tirnated time for being there. It makes little difference if one is 
an airliner with 21 passengers on board and the other a powered 
glider with some youngster practicing solo; the final result is dis
aster for all concerned. A primary purpose of the Air Traffic Rules 
and the sole purpose of the various Airway Traffic Control Stations 
is to prevent collisions. It 1s not the intent of these rules and 
controls to restrict the air to any one class of traffic; all they 
say is that if you have the bare minimum of equipment and piloting 
ability to safely navigate the airways, go to it so long as you ob
serve the rules of the road. Without that bare minimum of equip
ment or ability, or without strict, absolute, accurate and on-the
dot compliance with the rules of the road, you are a hazard, both to 
yourself and other traffic, and have no business on the airways, and 
are thus forbidden to use them. 

The rules of the road are contained in Part 60, of the Civil 
Air Regulations (CAR 60 . ) originally effective Nov. 1,1937 and since 
extensively amended. There will be further amendments from time to 
time which will be reported in "Weekly Notices to Airmen" issued by 
the Civil Aeronautics Authority. Under a proposed new system of 
codifying and numbering all Federal Regulations, CAR60 may eventual
ly receive an· entirely new chapter number such as CFR160, or some
thing of the sort. Whatever number is finally assigned, it will 
still be the "Air Traffic Rules" and subdivisions within the chapter 
will remain unchanged. Every pilot, as a prerequisite to a pilot 
rating, ls required to be familiar with these rules; as a pre
requisite to his own safety as well as the safety of others he ~ 
strictly obey them. 

A good many pilots with whom 
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whelmed by the apparent complexity of the Air Traffic Rules and com
pletely at sea as to the procedures used 1n flying the airways. 
Without some study and considerable thinking, the rules are a little 
difficult to understand, but I believe a good many pilots have been 
scared by the legal phraseology used 1n CAR 60. The fundamentals of 
the rules are simple: they are (1) plan your flight (as to contact, 
or instrument flight), (2) stay on the right hand side of the road 
and (3) 1f making an instrument flight, fly at the prescribed alti
tudes, and make the prescribed reports. 

Since these rules are subject to change on short notice, no 
attempt 1s made here to discuss them. The present rules have been 
summarized and their wording stmpl1f1ed 1n the "S1.U1U11ary of Flight 
Rules" prepared by the Bureau of Air Conunerce shortly before !ts ab
sorption by the C1v11 Aeronautics Authority. A study of this "Sum
mary" will make an understanding of the rules easy. It will still 
be necessary to refer to CAR 60. itself for the exact designation of 
the routes of the various airways, the lists of designated radio 
fixes, designated control zones of intersection, airway traffic con
trol areas, etc. Know your "Air Traffic Rules" and keep track of 
the changes which will be made from time to time. 

AIRWAY TRAFFIC PROCEDURE 

Airway traffic procedure 1s merely standard practice in carry
ing out certain phases of the Air Traffic Rules, such as the method 
of phrasing and reporting the flight plan, radio reports and esti
mates, and the instructions issued by airway traffic control sta-
t1ons. This standard practice or procedure has been developed to 
save time, eliminate unnecessary words and information and to pre
vent misunderstandings and confusion. 

Procedure for Contact Flights 

For contact flights where no flight plan is filed, the pro
cedure 1s s1mpl1c1ty itself. Having planned the flight to the ex
tent of studying the weather and deciding that the flight can be 
made 1n confonn1ty with the contact flight rules 1n CAR 60., take 
off and stay on the right hand side of the airway, Mr. Grove 
Webster, Executive Vice President of the Private Fliers Ass•n., has 
condensed the essential features of the rules for contact flight in-
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to one sentence, "If you can see and be seen, go ahead". 

Even if a flight plan is filed, no radio contacts 
reports are required (except for scheduled operations). 

or position 
The !light 

plan can be changed en route if the pilot desires, but notice of the 
change is not required. If the ship is equipped with two-way radio, 
notice of such change is recommended. If a flight plan has been 
filed, the procedure is merely to take off, stay on the right hand 
side of the airway and file an arrival message. 

Scheduled operations follow 
flights as for instrument flights. 

the same procedures for contact 
For familiarization and practice 

it is recommended that non-scheduled flights having two-way radio 
folloo the procedure also. 

Procedure for Instrument Flights 

The balance of this chapter is chiefly concerned with the pro
cedure for instrument flights. Even if you never plan to make an 
instrument flight, at least general familiarity with the procedtn'e 
will be helpful on contact flights. Don't forget that the object 
of these rules and procedures is SAFETY - both yours and the other 
fellows•. Probably the greatest single factor in promoting safety 
is planning the flight. A lot of pilots would still be flying, 
would never have gotten themselves into an impossible situation, if 
they had looked ahead, studied the weather and the winds, estimated 
the time and fuel required to make the flight AND figured a ~ 
"out" in case the weather at their destination became unflyable. For 
that is all an alternate airport is - a~ "out", a place that you 
know you will have enough gas to reach, if you are unable to land at 
your destination, and where you know the weather will unguestionably 
be good when you arrive. 

The airway procedure for instrument fli@1ts made either whclly 
or in part within areas under the control of an airway traffic con
trol station varies somewhat from that for flights made wholly out
side the limits of such areas. The detailed differences will be 
noted below but the fundamental dl!ference ls that within an airway 
control area, the airway traffic control station controls the flight 
and exercises this authority continuously during the entire time 
that a fli ght is within such an area; it correlates the flight with 
others on the airways and issues instructions which must be obeyed 
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by the pilot. Outside airway trattic control areas there is no such 
correlated control; each control zone ot intersection or control 
airport is a separate unit and the operator ot the co!lllllunications 
station serving each control zone ot intersection makes suggestions 
or otters advice but does not issue instructions to pilots. 

Detailed instructions as to procedures are contained in Air 
Commerce Manual 60. "Airway Trattic Control Procedures", published by 
the Bureau ot Air Co!lllllerce and presumably to be continued in ettect 
by the Civil Aeronautics Authority. 

Detinit ions 

In order that there may be no misunderstanding of the discus
sion below, we will take a couple of minutes here to review a few 
fundamental definitions and differentiations . 

C.A.A. means Civil Aeronautics Authority. 

"Airway Traffic Control Station" (conmonly called ATC or "Air
ways") is a station operated by the C.A.A. for the control of traf
fic within certain areas. These stations are listed in CAR 60 Ap
pendix "D" and at present are located at Burbank, Chicago, Cleve
land, Detroit, Newark, Oakland, Pittsburgh and Washington. New sta
tions will be added from time to time. 

"Traffic control area" (or "airway control area") is the area 
under the control of an airway traffic control station. These areas 
are defined in CAR 60.24 and as more ATC stations are added, more 
control areas will be added. 

"Conmunications station" is a station (usually a radio range or 
"M-type" marker station operated by the C.A.A.) equipped for two-way 
voice communication with aircraft and point-to-point communication 
(usually by teletype) with oth~r co!lllllunication stations and ATC sta-
tions. Such stations transmit voice on the range frequency, or 236 
or Z78 kc; the frequencies of the stations and their facilities are 
shown in "Tabulation of Air Navigation Aids" published monthly by 
the C.A.A. 

"Zones ot Intersection" and "Control Zones of Intersection" - A 
zone of intersection is that part of an airway which overlaps and 
lies within the boundaries of another airway. If these two airways 
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are at right angles, it is a square, 20 miles by ~ miles. A con
trol zone o! intersection must be designated as such in CAR 60.21. 
It is usually an aitway intersection and is a circle having a radius 
or 25 miles, the center o! which may be any point on an airway des
ignated as such. 

Serving a zone or intersection there may or may not be a voice 
coI1111unications station and there may or may not be an attanpt to ad
vise an airplane or other traffic in the vicinity; airplanes are not 
required to report before entering the boundaries or such a zone. 
Somewhere . in the zone there will normally be a radio !ix and i! so, 
aircraft m8.king instrtnnent !lights must report their time and alti
tude over such fixes, but cannot depend on being in!onned or the po
sition or other aircraft nor or receiving suggestions or advice as 
to procedure, i! outside an airway control area. 

Serving a control zone or intersection, however, there is a 
voice communications station; aircraft entering such a zone (unless 
operating within the limits or an airway traffic control area on an 
approved !light plan) must call this station before entering the 
zone. This cortact is in addition to the regular report or time and 
altitude over the radio !ix within the zone, and gives the communi
cations station the pilot's estimate or the time and altitude that 
he will cross the !ix and the course or courses he expects to follow 
within the zone. The operator or the communications station will 
in!onn the pilot or the position o! other aircraft on the airway or 
in the zone and in the event there seems to be a possibility or 
conflict, nsuggest ton or nadvisen the pilot as to a procedure which 
will assure a sate separation. I! the control zone o! intersection 
lies within the limits or an airway traffic control area, this pre
liminary estimate is not required, the pilot proceeds to the radio 
!ix, reports his time and altitude over, and the communications sta
tion replies with definite clearance or instructions from the ATC. 

Operation o! Airways Traffic Control Stations 

Aitways tra!!ic control stations keep constant track or the po
sit ion and altitude or each reported aircraft in the area under 
their control and protect these aircraft from conflict with others 
by keeping them separated by altitude or distance or both. 

To accomplish this it is necessary that aircraft tile their 
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flight plans, report their positions and altitudes (which is done by 
reporting time and altitude over each radio fix) and that the airway 
traffic control stations issue, and the aircraft observe, instruc
tions as to altitudes, holds or delays at certain points, and land
ing sequence. 

Method of Communication 

Pilots ot scheduled aircraft ordinarily make their reports and 
receive their instructions via their company communication facil
ities. Pilots ot non-scheduled aircraft make their reports and re
ceive their instructions through C.A.A. communication facilities or 
airport control towers. They are required to remain in contact with 
C.A.A. communication facilities until such time as they are able to 
make contact with airport control towers. 

Airport Control Towers 

Pilots (whether scheduled or non-scheduled) proposing any 
flight (contact or instrument) from an airport on which a radio air
port control tower is operating are required to contact the tower 
before taxiing out tor take-oft and to again contact the tower tor 
take-oft instructions. Such flights may not take ott until cleared 
by the tower and are required to remain in contact with the tower 
tor at least five minutes after take-oft unless the tower has pre
viously signed ott. It the pilot ot a contact flight does not have 
a radio he may not take ott until given a clearz.nce signal (usually 
a green light) by the tower. 

Pilots making an instrument approach at an airport at which an 
airport control tower is operating are required to contact the con
trol tower tor landing instructions unless these instructions are 
being transmitted to the pilot by other means (company facilities 
usually tor scheduled aircraft). If the airport is within an air
way traffic control area, a clearance by Airways "to the tower" must 
have been obtained before starting an instrument approach. 

Pilots having two-way radio and making a contact approach at an 
airport at which a control tower is operating are required to con
tact the tower tor landing instructions at least 10 minutes prior to 
estimated arrival over the airport, provided that, if the airport is 
within an airway traffic control area, clearance "to the tower"shall 
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have previously been obtained !rom the ainvays tra!!ic control sta
tion. In making a contact !light and not equipped with radio, pilots 
are required to keep a sharp watch !or other tra!!ic and to look to 
the tower !or a landing signal - usually a green light. 

Pilot Radio Reports (Ainvay Tra!!ic Control Area) 

The pilot o! an airplane making an instrument !light within an 
airway tra!!ic control area is required to report his time and alti
tude over each designated radio !ix along his course, and to include 
in his report his estimated time and altitude over the next desig
nated radio !ix. Over the radio !ix preceding the inner marker !or 
the airport at which he intends to land, he is required to report 
his estimated time and requested altitude over the inner marker, 
and his estimated time over the airport. Where an outer marker is 
established, this report is required over the outer marker. Such 
reports !or scheduled aircraft are nonnally made through company 
communication facilities; !or non-scheduled aircraft through the 
C.A.A. voice communication facilities. 

Pilots making an instrument approach !or a landing are reguired 
to report the time and altitude o! passing over the cone or silence 
or the radio range station at that airport on the initial approach. 
I! the aircraft is held over the airport at an assigned altitude,the 
pilot will report each time o! passing over the cone o! silence, 
stating the direction or !light. On the final approach no report 
over the station is made or required; the pilot at that time has 
other things on his mind and he ma.~es no report until he is contact, 
or unable to establish contact with the ground at a sate altitude. 

When a plane has been delayed in !light because o! a landing 
sequence assignment, the pilot, upon receiving cle&rance to land, is 
required to report the time he estimates he will take to complete 
his approach and land. 

port: 
Pilots o! aircraft making altitude changes are reguired to re-

(1) Immediately on attaining an assigned altitude level. 

(2) Immediately on attaining initial approach altitude 
when executing a standard instrument approach. 

(3) Upon establishing ground contact a!ter descent through 
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an overcast. The time, altitude, visibility and ap
proximate position of establishing contact must be in
cluded in this report. 

(4) If unable to establish ground contact at the minimum 
safe altitude when making an instrument approach. 

The pilot of an aircraft making altitude changes !!!!!1 be asked 
to report: 

(1) Each time he passes a thousand foot level either in 
climbing or descending, When "stacked up" over an air
port waiting a landing sequence, this report is always 
required. 

(2) On attaining cruising altitude. 

(3) When starting descent to an assigned or approved alti
tude level. 

Pilot Radio Reports (Outside an Airway Traffic Control Area) 

When flying under instrument rules outside an area under airway 
traffic control, the pilot is required to contact the C.A.A. voice 
communication station (usually the radio range station serving that 
control zone) before entering the boundary of a control zone of 1n
tersect1on and to give his estimated time of arrival and altitude 
over the center of such zone, and the course or courses to be fol
lowed within the zone. The operator of the communications station 
cannot instruct him as to altitude or holding, but does pass on to 
him information as to the position and altitude of other aircraft 
and may suggest to him the most practicable procedure to be fol-
lowed. On crossing the center of the control zone of intersection, 
the time and altitude over ls reported and this report ls forwarded 
to the pilot's destination and other airway conununication stations 
along the route. 

If the pilot proposes to land within the control zone of inter
section, the communications station operator will advise him as to 
other aircraft landing or taking off,suggest a landing sequence and, 
if necessary, a holding altitude. While legally the operator does 
not have the authority to enforce such "advice", as a matter of 
practical operation, the "advice" has the same effect as similar in
structions from an airway traffic control station (which does have 
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such authority). 

As in an area under airway traffic control, such reports and 
instructions for scheduled aircraft are normally handled through the 
coffipany communication facilities; for non-scheduled aircraft direct
ly with the communications station. 

Traffic Control Clearances and Instructions 
(Traffic Control Areas) 

Clearances and instructions originate with airways traffic con
trol stations and must be observed; information of similar nature 
outside airway traffic control areas is given in the form of sug
gestions and advice by airway communications stations - its observ
ance is not legally binding on a pilot but is healthy. 

A clearance by an airway traffic control station to continue 
flight along an airway includes 

(1) identif1cat.ion of the flight, 
(2) the point to which cleared, 
(3) the altitudes to be maintained, 
(4) info:nnation as to other traffic, and 
(5) any special information or instructions. 

The standard clearance will be worded as follows: 

(1) "such and such a flight or trip" 
(2) "cleared t.o (some specified fix)" 
(3) "to cross at (approved altitude" or 

"to crutse at (approved altitu1e)" or 
"to descend to (approved altitude)" or 
"to climb to (approved altitu1e)". 

(Altitude instructions involving a change of altitude 
will also include the time the change is to be made, 
such as "Immediately" or "After crossing (specified 
fix)" or "At such-and-such a time". 

Specific altitude instructions may also state that 
the altitude is to be maintained for a specified time 
as "Maintain (specified altitude) until advised" or 
"Until past a specified fix" or "Until such-and-such 
a time". 

250 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



PROCEDURES ON THE AIRWAYS 

(4) The traffic information given to a pilot is normally 
traffic within 15 minutes in time and 4000 feet ver
tically of the aircraft being cleared or instructed. 

A clearance to land includes (1) the identification of the 
flight, (2) the name of the tower or the airport to which cleared, 
(3) the method of approach, (4) landing sequence number, (5) infor
mation as to other traffic, and (6) any special infonna.tion or in
structions. 

The wording of the clearance to land is as follows: 

(1) "Such-and-such a flight or trip" 
(2) "Cleared to such-and-such a tower" 
(3) "Standard Instrument Approach", or 

"Contact Approach", or 
"Contact Approach if contact at such and such an alti
tude" If this clearance is given, the pilot reports 
which he will make by reporting when he is contact, 
or by reporting that he is not contact at the speci
fied altitude. If not contact at the specified alti
tude, he is again cleared by Airways to land "Stand
ard Instrument Approach" but in some cases, particu
larly if traffic is approaching contact at a lower 
altitude on another airway, may be required to hold 
an altitude for a short time. 

(4) "Number so-and-so to land" If cleared to land "Stand
ard Instrument Approach" this is always "Number 1 to 
land". 

On a clearance to a tower, which is a clearance to land, the 
pilot if making an instrument approach (and particularly if he has 
been held over the field for a time) will always report each time he 
passes through a thousand foot level. He is reguired to ~eport the 
time, altitude, visibility and approximate position when he estab
lishes ground contact, or to report if unable to establish ground 
contact at the minimum safe altitude or if unable to establish con
tact at a specified altitude. 

A clearance to an airport at which a landing is intended, but 
where the pilot may be required to hold for a time before being 
cleared to land, includes (1) the identification of the flight, (2) 
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the point to which cleared, (3) the altitudes to be observed, (4) 
the landing sequence number,(5) the time at which approach (landing) 
clearance may be expected, (6) essential traffic infonnation, and 
(7) any special information or instructions. 

Such a clearance will be worded: 

(1) "Such-and-such a flight or trip" 
(2) "Cleared to" (usually the range station serving the 

airport at which landing is intended) 
(3) "To descend to such-and-such an altitude" or 

"To maintain such-and-such an altitude" or 
"To climb to aich-and-such an altitude". 

If the instruction involves changing altitude the 
time of making such change will be specified, such 
as "Immediately", or "After passing such-and-such a 
fix", or "At such-and-such a specified time". If 
the instruction is to maintain an altitude, it will 
be specified "Until further advised" or "To main
tain such-and-such an altitude until past such-and
such a fix" or "Until such-and-such a time". 

(4) "Number so-and-so to land", which tells a pilot how 
many ships are ahead of him. 

(5) "Expect approach clearance at such-and-such a time". 
This ls very valuable information; it ls A1iways es
timate of the time that will be required to land the 
ships ahead, and if the delay means the ship would be 
running out of gas, enables the pilot to arrange to 
proceed to his alternate before it would be too late. 
In the event of subsequent failure of his two-way 
radio, it becomes the time at which he will start his 
descent and proceed with his landing . 

Communications Failure 

In the event of failure 
1t1es, the flight may proceed 

of the two-way conunun1cation facil
(1) according to contact rules, (2) 

land at the nearest airport where no airway traffic control station 
is operating, or (3) if neither of the above ls feasible, proceed 
according to flight plan, carrying out descent from the inner marker 
and making approach to land just as though there were no other traf-
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fic. In such a case the pilot should make every effort to perform 
according to his estimates. 

However, if failure occurs after the pilot has acknowledged in
structions which include "Expect approach clearance at such-and-such 
a time" the pilot proceeds to the range station at the altitude last 
assigned him, holds that altitude until the time designated, and 
then proceeds with his descent and landing. The cruising level as
signed to him will be kept clear, and by the designated time all 
lower levels on the approach leg will have been cleared or other 
traffic. These levels will be kept clear for 30 minutes past the 
time landing would be expected, at which time nonnal traffic w111 
resume. 

In emergencies, the range may be broken to broadcast instruc
tions on the range frequency, but this is seldom done around a busy 
terminal and only in case or real emergency where ror some reason 
the procedure above cannot be followed safely. 

FLIGHT PLANS 

Ir you decide to fly contact and file a flight plan, that flight 
plan must be complete and contain all the elements (except alternate 
airport) specified in CAR 60.133, namely, identification or ship and 
Pilot, point or departure, proposed cruising altitude, destination, 
air speed, radio equipment, proposed time or departure and estimated 
flight time. A typical contact flight plan (acceptable for trans
mission as a PX) would be: 

"Beechcrart NC 0000 Pilot Doe Newark 5000 or contact Bos
ton air speed 160 NORDO depart 2:00 PM estimate 1:30" 

(NORDO means "no radio"; RONLY means "Receiver only; if 
equipped with two-way radio, the flight plan would show 
"Transmitting such-and-such frequency") 

On a contact flight, regardless or whether or not within the 
limits or an airway traffic control area, the pilot may change his 
flight plan en route and notification or such changes is not re
quired. Ir the ship has two-way radio, notice or such changes is 
recommended. 

If you decide to make an instrument flight and all or any part 
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of that flight will be made within the limits of an airway traffic 
control area, a flight plan ~be ~iled. (CAR 60.53 and 60.133) 
It the flight is to be made wholly outside the limits of an airway 
traffic control area, the flight plan is not legally required but is 
reconmended; on such a flight so many est1mates and so much course 
information is required that the making of a flight plan is a prac
tical necessity. 

When operating within the limits of an airway traffic control 
area, the pilot of an instrument flight cannot make changes in his 
flight plan without first notifying Airways of the prcposed change, 
and receiving approval of it. In an emergency requiring inmediate 
action, he is permitted to change it but must notify Airways as soon 
as possible. 

The form of flight plan for an instrument flight is the same as 
for a contact flight except that it shows the transmitting frequency 
of the plane and the alternate airport. 

Filing the Flight Plan (Airway Traffic Control Area) 

If a flight originates within an area where traffic is con
trolled by an airways traffic control station the flight plan must 
be filed and approved by Airways before take-off, although it is 
permissible to take off, then file it and get approval providing 
this is done while still flying under contact conditions. It is not 
permissible to enter instrument flight conditions until the flight 
plan ls approved. When the flight plan is filed by radio, the flight 
must remain ln radio contact with the tower or conmunicatlons sta
tion until apprcval has been received. 

If the departure ls from a field on which the ATC station is 
located the flight plan must be filed with the station in person or 
by phone or by radio through the airport contrcl tower. If no ATC 
station is located on the field, but a C.A.A. communications station 
is located on the field, the flight plan must be filed with the com
munlcat ions station in person, or by phone or radio. If neither are 
located on the field, the pilot is required to phone, wire, or radio 
his plan to the nearest. If he can take off under contact condi
tions, he may radio his flight plan after take-off, providing he 
maintains flight under contact rules until such time as approval is 
received. 
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It a flight originates outside an area where traffic is con
trolled by an airways traffic control station,the flight plan should 
be tiled with a C.A.A. communications station before take-oft or be
fore entering a condition calling tor instrument flight rules, and 
must be approved by the appropriate airways traffic control station 
~ entering the area controlled by that station. 

Filing the Flight Plan (Flight entirely outside 
Traffic Control Areas) 

No flight plan or approval is required tor an instrument flight 
that will be made in its entirety outside an airway traffic control 
area. However, tiling or a flight plan is·reconunended (and nonnally 
done) and such a !light plan is then transmitted by the conununica
tions station to the point or intended landing and to the airways 
communications stations along the route, just as is done within an 
airway traffic control area. 

In such a situation the plan is presented in person, or tel
ephoned or radioed to the nearest airway conununication station just 
as tor flights within airway traffic control areas, above. 

Even it no flight plan is tiled, aircraft departing from a 
point within a control zone or intersection tor a flight subject to 
instrument rules are required to intonn the airway communications 
station, prior to take-oft or prior to becoming subject to instru
ment rules, the time or expected time or departure, the altitude to 
be flown within such zone and the course or courses to be followed 
within such zone. The communications operator cannot "clear" the 
flight; he merely intonns the pilot or any other traffic, points out 
any possible conflicts with other aircraft and "suggests" that cer
tain things be done to avoid conflict with other traffic. 

Approval or Flight Plans 

It should be noted that only an airways trattic control station 
can "approve" a flight plan, and that "approved" flight plans are 
required tor such portions or instrument flights as are made within 
any part or an airway traffic control area. This approval takes the 
form or a traffic clearance indicating the points to which a flight 
is cleared and the altitude at which it will fly. This altitude may 
be different than the altitude proposed by the pilot,but such change 
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of altitude becomes pa.rt of the approved flight plan and must be ob
served by the pilot. 

TranS!llission of Fligtit Plans, Position Reports and PX's 

When a flight plan is filed with an airway traffic control sta
tion, an airway communication station or an airport control tower, 
that plan is transmitted by long line teletype to the destination or 
the flight, and to each airway traffic control station and airway 
communication station along the course of the flight. Each report 
that is made over a radio fix is likewise transmitted to these sta-
tions. Then if no report (from an instrument flight) is made over 
the next fix within a reasonable time, a check is instituted and 
precautions taken to keep the airway at flight plan altitude clear. 

A very careful check-up procedure is followed when an arrival 
message is not received from the destination of any flight, contact 
or instrument, for which a flight plan has been filed. This flight 
plan acted as a PX and whenever an airplane has been PX'ed it must 
be accounted for. If no arrival message is received within a rea
sonable time, the C.A.A. starts to check up and if the check does 
not disclose the whereabouts of the plane, a search ls started. 

I know of a case just recently where a plane was PX'ed from 
Washington to Newa:rt<. The PX happened to be in error, but about 
three hours later, no arrival message having been received from 
Newark, work started to locate that plane. Every airport In the 
area was checked, but no trace of it was revealed. Finally an 
8-state police teletype alarm was broadcast and about 2 AM the plane 
was round tucked safely away in a hangar at Roosevelt Field. The 
pilot had been incorrectly PX'ed to Newark (instead of Roosevelt) 
but had filed no arrival message. The field management had no rec-
ord of his arrival and when queried earlier had not known or his 
arrival. But until that plane was finally accounted for there was 
no rest for Government personnel at Washington or Camden or Newark 
or half a dozen places in between, and finally, no rest for half the 
cops in the eastern United States. 

The moral, if you are PX'ed somewhere, or have filed a flight 
plan, be ~ to file an arrival message. The only exception is 
when your flight plan or PX message definitely states "For informa
tion only" or "No arrival message expected", which is sometimes done 

256 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



PROCEDURES ON THE AIRWAYS 

when a flight is destined to a point orr an airway. A penalty or 
$500. fine and license suspension or 6 months can be enforced ror 
failure to adhere to this rule. 

PLANNING A FLIGHT 

What do you do when you plan a flight? First, get at least the 
last two or three weather sequences ror that route and the area be
yond and to the sides of it, the forecast for the route and termin
als, the weather map (ir available) and the latest Upper Air (winds 
aloft) report. Study them! Do you agree with the forecast? Is the 
present weather and the forecasted weather well above the limits of 
your ability as a pilot? If so can the flight be made by contact 
rules or must it be an instrument flight? Even if it ~ be made 
contact, would the flight be safer or better by flying instruments 
or on top than by flying cont act? 

If you decide to fly contact (and not to file a flight plan), 
figure your best altitude, how long (considering cruising speed and 
winds) the flight will require, be sure you have enough gas and the 
proper maps, and be on your way. Get on the right hand side or the 
airway and stay on the right hand side. That's all there is to it. 

If you decide to fly contact and file a flight plan (or be 
PX'ed) or decide to fly over the top or on instruments, the next 
step is the preparation of the flight plan itself. 

Making a Flight Plan 

Based on weather and forecasts and winds, first decide if the 
flight can be made safely; keep your own limitations of piloting 
ability, equipment and ruel supply actively in mind - keep a reserve 
- don't strain it. Then, using the prescribed altitudes for the 
route, decide the best altitude at which to fly. Lay out on a piece 
of paper the radio fixes (CAR 60,23) for the route, the distances 
and magnetic courses for each leg or the flight (radio fix to radio 
fix). You know your cruising speed at the altitude you have select
ed. Put down the force and direction of the wind for each leg of 
the flight. Remember that wind directions are reported "true". 
Since your courses are laid out "magnetic", add or subtract the mag
netic variation (to the nearest 10°) to the reported wind direction 
so that you will know the angle between the wind and your course and 
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can correctly compute the effect of the wind on your drift and 
ground speed, 

The best procedure is to figure with your computer the dri~, 
ground speed and night time for~ leg of the night. Then add 
up the estimated times for each leg of the flight to obtain the 
estimated flight time to destination. However, many non-scheduled 
pilots (if the winds do not vary too greatly and the course is fair
ly straight) simply figure the average course and the average winds 
and compute in one operation the average drlft, ground speed and the 
estimated time for the entire flight. 

Now you must pick an alternate airport. If you are flying fran 
good weather to bad, it is usually better to pick one this side of 
your destination; if you are flying from bad weather to good, usu
ally better to pick one the other side of the destination. The im
portant thing is to pick one that you can be certain will have 
weather well above both the legal requirements (CAR 60.55) and the 
requirements of your own ability and experience, and that you can 
reach with plenty of gas to spare. Figure what altitude you would 
fly from your destination to your alternate and how long that flight 
would require. 

Add your estimated flight time to destination, your estimated 
flight time destination to alternate and 45 minutes (required re
serve) and figure the minimum of gas required. Host pilots add 
another 10% to this to cover unusual consumption, change in winds, 
etc. If you can take off with this much gas or more, all right. If 
not, reroute your flight, or plan it to refuel en route. If neither 
can be done, don't go. Don't start juggling alternates by trying to 
pick one closer to your destination,just because of the gas require
ments. The closer the alternate is to your destination, the more 
chances there may be that it will go sour also 1f the weather at 
your destination goes sour. If your forecast or the weather is 
wrong, this alternate and the extra gas may save your neck. Don't 
take chances with them. 

When your flight plan is completed, be sure that you have the 
necessary maps, that the radio ranges along the route are operating, 
that your maps show the correct bearings or the beams, the location 
of the "N" and "A" quadrants, the range and voice frequencies and 
that your radio equipment is functioning properly. On your flight 
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plan you have listed the radio rtxes over which you must report; the 
distances between them, and the corrected headings you expect to 
fly. Be sure to have this list in the cockpit with you. 

For purposes of illustration, two flight plans from Cleveland 
to Newark are worked out below. This route ts part of Green Airway 
#2 and the designated radio f 1xes at present (to be changed when the 
Allentown, Pa. range ts comtsstoned - CAR 60,23001) are: 

Cleveland radio range station (CV) 

Intersection east leg CV and northeast leg Akron (AX) 

range (AX-X) 

Mercer, Pa. range station (MC) 

Bellefonte, Pa.range station (BF)(Outer marker for Newark) 

Sunbury, Pa. (SV) "M" type marker and intersection east 
leg BF and north leg Harrisburg range 

Martins Creek intersection (MI-X) Intersection west leg 
Newark (Elizabeth) range and southeast leg Martins Creek 
range (Inner marker for Newark) 

Newark (NK) radio range station 

Put these, the distances and magnetic courses between each, the 
expected winds for each, on a piece of paper. Assume that you have 
decided to fly at 7000 feet, to cross MI-X at 5000 feet and the 
Newark range station at 2000 feet; that the wind on the ground at 
Cleveland ts West (270°) - 10 miles, the winds from Cleveland to 
Bellefonte at 7000 are 220° - 30 miles, from Bellefonte to Newark 
180° - 20 miles at 7000 feet and at Newark 180° - 12 miles at 2000 
feet; that Cainden (KM) ts your alternate and your cruising speed 150 
miles per hour. 

Most non-scheduled pilots figure that the speed lost in climb
ing ts balanced by the speed gained in descending and simply figure 
the average wind at cruising altitude (7000 feet) which ts 220° - 30 
miles at Cleveland, 180° - 20 miles at Newark, average 195°. - 25 
miles, plus 10° average variation (figured to the nearest 10°) mak
ing the average wind 205° (magnetic) 25 miles per hour. Since the 
course ts practically straight (average course 105° magnetic) they 
would make one computation for the entire flight, and their flight 
plan would look like this : 

259 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



INSTRUMENT AND RADIO FLYING 

Estimated 
Course Wind Ground Flight 

Fron:-To Distance (Magnetic)(Magnetic)Altitude Drift Speed ""T"'1m""e...._ __ 

CV -AX-X 39 
AX-X -MC 47 
MC - BF 133 
BF - SV 48 
SV - MI-X 94 
MI- X - NK ~ 

404 
NK - KM 72 

110 220°-30 7000 
102 220°-30 7000 
109 220°-30 7000 
100 190°-20 7000 
106 190°-20 5000 
106 190°-20 20QO 

Avg.105° Avg.205°-25 Plus 10° 
223 190°-12 2000 -2° 

147 
139 

2:44 

21 
3:15 

Reserve :45 
Total Time 4:00 

27 gallons per hour - 108 gallons 
Plus l~ _lL 
Total gas required 119 gallons 

The flight plan to be filed for this flight would read: 

"Navy scout land plane Lt. Jones Cleveland 7000 Martins 
Creek 5000 Newark air speed 150 Transmitting 3105 De
part 2:00 PM estimated flight time 2: 44 Alternate Camden" 

An Airline Flight Plan 

Airlines go into considerably more detail in making their 
flight plans . Tiley consider the difference in speeds, climbing 
cruising and descending,average the winds for each leg of the flight 
and compute drift, ground speed, heading and flight time for each 
leg of the flight. If this were an American Airlines flight taking 
off from Cleveland for Newark, using the same wind conditions as 
above, the pilot would figµre his speed in the climb at 130, cruis
ing 180 and descending 200; he would average the wind from the sur
face at Cleveland (270° - 10 miles) to his cruising altitude (7000 
ft. 220° - 30 miles) and for the climb would fi gure an average wind 
of 245° - 20 miles plus 5° variation, making his average wind 250° -
20 miles. He would figure his average climb at 400 feet per minute 
so that it would requ ire him 15-1/2 minutes to get to his altitude 
(CV being 800 feet above sea level). His computer would show that 
with an air speed of l~O and wind 250° 20 miles course 110° he would 
have a drift of 5° and an average ground speed of 145 m.p . h. and 

260 

Digitized by Google Original from 
UNIVERSITY OF MICHIGAN 



0 
.;:;· 

"' N. 

"' Cl. 
rr 
'< 

CJ 
0 

~ 
~ 

c 
z 
< m 
;x:i 
"'0 

:';!~· 
0"' -n::; 
:;;:: 0 
n3 
:r: 
Gi 
)> 
z 

l\) 
Cl ,_. 

=.:.::r:=ir- FLIGHT PLAN 
F,.om To Mileage M19ntti c MltMtic Drift Altitude Wiftd 

COYrtl Hudmo co,..,...ction 

CV IA.I -~- d'j' /ID //4 ~ ...s 'J"7 ....... ~-,~ 
A _JJ .II ,c 4'' 1"2. ''" _,;>. P" - - I• •"-&ti! 
/< c /- F /.3.1 109 11K -r q -7-0 12---....i 
~·F ~ v ~J /OD ID? ,.;- '7 7o- 190-•" 
L~ v II'.: /-Im "'"' /O~ l'/Z .,_ 46 ~"'"°"""' /'ILJ-.Z(J 

h. '1-/.,t NK "'.3 10~ ,/// ~~ Ill.~ 190-16 
,. 

I..£ an• "'-'70 ....., 

NK K""1 ...,._ .22.~ ::Z.:Ll - 'll! . 2.#>00 /O.!--~ 

ESTIMATED FUEL CONSUMPTION ALTERNATES 
Gels.PerHour: 90 Gallon• ~~-=-"'..r'J-:j .... 

r? 
z 
2 
UI 
z 
::::; .., 
~ .., 
a: 

!-l .• 7"!:- -~~- .:&o.=t. ..,,I I(' M 
!~~:_-~~--To: 41 109 -!~.!"_:~ 
To • 

,, ----rrom: ~ "T;,---------. 
From: 
To;---------

.!!~-------
To : 

State clo1tinotion in .... rtf tvtll ro41;c, f1lluro ------

•bt11wi .. • , ,.,,,,,,,, ,....,.,,. (-lllAL) 

AIRLINE FLIGHT PLAN 

ITompere!llN ~-- &round Etti meted 
Power Sp"'d rlvina Time 

'*1»-3.A ,00 /~G : 1r. 
~ .. 194. 1.r - .. 1'91 M'lL .. .. 11q ./.S-.. . /92. .2.9 

II l/.tS' ., /97 l-4 
i:10 

c:&• /YK :o.r 
.2 • ,,.s-

J1' ~#JD ld"'9 .27' 
1r S!.U' 

Total Flying Tim• : Ac: 1'6'° 

~hed. Flying Time: 

PILOT ~1~ 
FLIGHT SUl'T • 

.,, 
:ii 
b 
0 

l".I 

t:I 

c: 
:ii 
l".I 
ta 

0 

z 

>i 

= 
l".I 

> 
.... 
:ii 
x: 
> 
o< 
ta 



INSTRUMENT AND RADIO FLYING 

that in the 15-1/2 minutes ot his climb he would have covered 38 
miles. Since it is only 39 miles to the Akron intersection, he 
would use these figures tor that leg or the trip, but it the dif
ference in speed and wind between climbing and cruising would make a 
ditterence ot one minute or more, he would compute this leg in two 

parts - the climb under one set ot conditions and the remainder ot 
that leg under cruising conditions. These ttgures would then be en
tered on the first line ot his tltght plan. See Page 261. 

From the Akron intersection to Mercer is 47 miles, course 102°, 
crutstng speed 180, wind 225° 30 miles. His computer would show a 
drttt ot 8° left (correction plus 8°} ground speed 194 m.p.h. and 
estimated time 15 minutes. All ot whtch would go on the second line 
ot his !light plan. 

From Mercer to Bellefonte ts 133 miles, course 109° wtnd 225° 
30 miles. Hts cruising speed r«>uld be unchanged at 180 and his com
puter would show a drift correction ot plus 9°, ground speed 191 and 
estimated night time 42 minutes, which would be entered on the next 
line. 

From Bellefonte to Sunbury is 48 miles, course 100°, wind now 
190° (magnetic} 20 miles, cruising speed still 180. The computer 
would show a drttt correction ot plus 7°, ground speed 189 and 
!light time ot 15 minutes, which would be entered on the next line. 

From Sunbury to the Martins Creek intersection is 94 miles, 
course 106°. But he plans to descend to 5000 feet before entering 
the zone ot intersection at Martins Creek and during that descent 
his air speed will be 200 miles per hour. Airlines figure about 10 
miles distance tor each 1000 feet ot descent at 300 teet per minute. 
Thus, he would be descending tor approximately one tourth ot the way 
trom Sunbury to Martins Creek and would figure his average air speed 
at 185 for this leg, wind still 190° 20 miles. The computer would 
show a drift correction of plus 6°, ground speed 192 and estimated 
flight time ~ minutes, which would be entered on the next line of 
his flight plan. 

From Martins Creek to Newark he plans to descend from 5000 feet 
to 2000 feet, air speed 200. The wind ts South 20 at 5000 and South 
12 at 2000, average, plus magnetic variatton,would be 190° 16 miles. 
The distance from the Martins Creek intersection to the Newark range 
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station is 43 miles, course 106°. His computer would show a drift 
correction or plus 5° ground speed 197 and time 13 minutes which 
would be entered on the next line. 

He totals his flight time from Cleveland to over the range 
station at Newark and, if he figures that there will be no delay in 
landing at Newark, allows 5 minutes from the range station to "on 
the blocks" at Newark. 

His alternate is Camden. Newark to Camden is 72 miles, course 
233° wind south 12 at 2000 feet, which is 190° 12 miles magnetic. 
He figures his cruising speed at 170 at 2000 feet and his computer 
shows a drift correction of minus 2°, ground speed 159 and time 'Z7 

minutes which goes on the next line. 

His times are then totaled (2:15 + .27) = 2:42. He adds 45 
minutes reserve making a total time for which f'Uel must be provided 
ot 3:27. At 90 gallons per hour, the minimtmt fuel he must have on 
take-off Cleveland is 311 gallons, which he enters in the lower left 
hand corner. 

But just try to get him to take off at Cleveland with only 311 
gallons on board, particularly if there is the slightest doubt about 
the weather at Newark, or at Camden! Not on your life! In the first 
place, if there were the slightest doubt about the weather at Camden 
he would not accept it as an alternate but would insist on being as
signed an alternate where there was no doubt as to weather - and on 
having plenty or gas to get there. In the second place, if there 
were the slightest doubt about the weather at Newark, he would fig
ure on the possibility of being held over the field (possibly tor as 
much as two hours) waiting his turn to land, and he would insist on 
having enough gas to get to Newark, to hold over the field tor two 
hours, then go to his ~ alternate and still have 45 minutes left 
in his tanks on landing. It the load aboard the airplane would not 
permit carrying that much gas he would either be rerouted through 
some point where he would be refueled, or the flight would be can
celled. He knows that a ~ alternate plus plenty or gas spell 
SAFETY - that without both he is taking a chance. And airline pilots 
are paid tor not taking chances these days. 

Typical Flight under Airways Traffic Control 

In order to illustrate the working of the rules and procedures 
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which have been described, we will take an imaginary flight from 
Cleveland to Newark and follC711 the reports and the clearances. As a 
typical example we will use the Navy scout land plane flight for 
which we worked out the flight plan above and which was: 

"Navy scout land plane Lt. Jones Cleveland 7000 Martins 
Creek 5000 Newark Air speed 150 Transmitting 3105 Depart 
2:00 PM Estimated flight time 2:44 Alternate Camden" 

For this flight you will be Lt. Jones and being alone in the 
ship will have to do the flying as well as handle the radio contacts 
and the computer. Your weather at Cleveland is 1500 feet overcast 3 
miles light rain, at Newark 3000 feet broken 7 miles, Camden about 
the same with weather at Newark and Camden expected to remain prac
tically unchanged for the next several hours. The intermediate 
weather is overcast at the western end, tending to become broken 
east of Mercer, but the ceilings over the mountains fairly low. The 
weather bureau thinks you will be on top at 7000 from around Mercer 
on, with the top somewhat lower toward Newark. There is no ice. 
The trip looks much better on top than trying to fly contact. Your 
flight plan shC111s that 119 gallons of gas should be on board and 
since you carry 142 you have plenty for this kind of a weather con
dition. You check your maps, have them all, and the ranges, fre
quencies, etc. are all marked on them. The airway traffic control 
station being located on the field at Cleveland you call Airways on 
the phone (or control tower by radio) and give them your flight plan 
which they O.K. to Mercer, Mercer being the dividing line between 
the Cleveland control area and the Newark control area for eastbound 
flights. You warm up your ship, check your receiver on the Cleve
land range, retune it to 278 and call the control tower at Cleve
land. 

"Navy land plane to WRDT. I would like to taxi out. Go-
ing to Newark. Airways has my fli ght plan." 

"WRDT to tile Navy plane. O.K. to taxi out, surface wind 
west about 10, barometer 29.96. Pressure altitude 750 
feet above." 

So you taxi out to the edge of the apron,run up your engine and 
about that time you hear 

"WRDT to Jones in the Navy plane. Airways clears you to 
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Mercer to cruise at 7000. 
you are ready. " 

And you take off. 

O.K. to take off as soon as 

While you are making your turn around the field you hear 

"WRDT to Jones in the Navy plane. Traffic is American 
trip 22 estimated over Cleveland at 2:10 flying at 9000, 
United trip 21 estimated Mercer at 2:32 flying at 6000. 
Signing off." 

"Jones to WRDT. That is O.K. Thank you. Signing off." 

and immediately tune to Cleveland range frequency of 344 kc and in a 
couple of minutes you are flying on instruments, keeping your air 
speed about 100 knots (115 miles per hour), and keeping well in the 
"A" bi-signal zone of the Cleveland range. You get to 7000, still 
on instruments, level off, look at your clock and see that the climb 
has taken you 10 minutes. You look at your flight plan and see that 
it is 39 miles to the Akron intersection and wish you had calculated 
your time for each leg of the flight. 

You were actually off the ground at 2:07 which information the 
tower immediately phoned to Airways. Airways then put your flight 
plan on the teletype, showing the actual time off the ground, that 
message going to Mercer, Bellefonte, Sunbury, Martins Creek and the 
airways traffic control station at Newark. 

You check your gyro setting as soon as you get leveled off and 
find that you must hold a heading of around 120° to stay parallel to 
the beam in the "A" twilight and then you tune for Akron on 362 kc. 
As soon as you cross the northeast leg of Akron (from an "N" to an 
"A") you look at the clock and note the time as 2:24 - 17 minutes 
since your take-off. You look at your flight plan and see that the 
course to Mercer is 102°, the distance 47 miles. The wind is prac
tically a cross wind, you figure that you are making about 150 miles 
per hour so your computer says it will take 19 minutes to Mercer. 
You tune back to 278 and call: 

"Navy land plane Pilot Jones to WRDT. Over Akron inter
section at 2:24 at 7000 on instruments. Estimate Mercer 
at 2:43 at 7000. 

Maybe you can hear WRDT and maybe you can't. If you can't hear 
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them you retune your receiver to 236 kc (broadcast frequency ot the 
Cleveland range), call the Cleveland range station and repeat your 
report. · Whichever acknowledges your report will pass it on to Air
ways and will O. K. tor the message and give you any additional trat
tic information. You have already been cl~ared to Mercer, so you 
proceed on your way, again wishing you had made your !light plan 
estimates tor each individual leg. It would be so much simpler 
merely to add or subtract a minute or so trom your estimates made in 
the plan than to have to work the computer for each leg while flying 
the ship. 

You now tune to the Mercer range on 212 kc, and get on the "N" 
twilight band and !ind that you have to hold about 112° to stay on 
it. At 2:42 you get the cone of silence and now you have a real 
check on your speed. You were over the Akron intersection at 2:24, 
over Mercer at 2:42 so it took you 18 minutes to cover 47 miles 
which the computer shows is a ground speed of 156 miles per hour. 
The distance from Mercer to Bellefonte is 133 miles, which (without 
changing the canputer) would require 51 minutes at the same speed. 
But you know the wind is supposed to shift more toward south and be 
less strong, so you allow another three minutes and figure 54 min
utes to Bellefonte, pick up your microphone and call: 

"Navy plane Lt. Jones to Mercer. over Mercer at 2:42 at 
7000 on instruments estimate Bellefonte at 3:36 at 7000." 

Mercer shuts off the range and on range frequency you hear 

"Mercer to Jones in the Navy ship, over Mercer at 7000 at 
2:42 estimate Bellefonte at 3:36 at 7000. Airways at 
Newark clears you to Bellefonte to cruise at 7000. Traf
fic is east-bound at 9000, west-bound at 6000." 

"Jones to Mercer, that is O.K." 

So you pull off into the "A" bi-signal zone of Mercer and keep 
your same heading of about 112° and Mercer sends your report over 
the teletype to Bellefonte, Sunbury, Martins Creek, and the airway 
traffic control stations at Newark and Cleveland. Pretty soon the 
clouds above you brighten up; then you are breaking in and out of 
the top and before long you are out in the bright sunshine, riding 
on top. You note that Bellefonte is due to broadcast weather at 
2:55 so shortly before that time you tune to Bellefonte on 224 kc, 
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listen to the weather and reset your sensitive altimeter to the 
Bellefonte barometer. (Unless you have conversion tables you prob
ably can't do this accurately in a Navy plane, since the Navy usu
ally uses pressure altitude setting type altimeters - but you do the 
best you can.) 

You stay on Bellefonte frequency, get on the "A" twilight of 
the west leg. At 3:38 you get the cone of silence at Bellefonte, 
set your computer to show 133 miles in 56 minutes (actual time from 
Mercer to Bellefonte) or a ground speed of 142. Look at your flight 
plan; you see that, it is 48 miles to SUnbury, which would require 
20 minutes at the same ground speed. Bellefonte being the outer 
marker ror Newark, you are required to estimate here your time and 
altitude over the inner marker (Martins Creek intersection) and your 
time over Newark. It is 94 miles rrom SUnbury to the Creek, which, 
at the same ground speed, would require 39-1/2 minutes. It is 43 
miles rrom the Creek intersection to the Newark range station, which 
would require 18 minutes. However, you expect to start descent be
fore reaching Martins Creek, which will increase your speed, so you 
take orr 1-1/2 minutes to the Creek and 2 minutes Martins Creek to 
Newark, pick up your microphone and call: 

hear 

"Navy land plane Lt. Jones to Bellefonte. Over Bellefonte 
at 3:38 at 7000 on top or overcast with rew breaks. Es
timate over Sunbury at 3:58 at 7000, Martins Creek inter
section at 4:36 at 5000 Newark at 4:52." 

Bellefonte shuts orr the range and on the range frequency you 

"Bellefonte to Jones in the Navy plane. Over Bellefonte 
at 3:38 at 7000, estimate Sunbury at 3:58 at 7000 Martins 
Creek at 4 : 36 at 5000 Newark at 4:52. Airways at Newark 
clears you to Martins Creek to cross Sunbury at 7000 
Martins Creek at 5000. Traffic is so-and-so." 

"Jones to Bellefonte. That is O.K." 

The Bellefonte range comes back on, you check yourself just orr 
the "N" twilight band and proceed on your way. Bellefonte relays 
your report by teletype. 

At about 3:56 you think you hear SW1bury broadcastine the 
letter "W" (.--)but you can't be very sure so you tune to the 
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Harrisburg frequency of 242 kc and when you cross the north leg of 

Harrisburg, immediately tune back to Bellefonte frequency of 224, 
decide that Sunbury's "W" ls about as plain as it's going to be and 
note the time as 3:58. That's right on your estimate and ybu see no 
reason to change the estimated times given to Bellefonte. Sunbury 
being an "M-type" marker and broadcasting 1n Z78 kc, you tune your 
receiver to Z78 and call: 

"Navy land plane Pilot Jones to Sunbury. Over Sunbury at 
3:58 at 7000. No change in the Martins Creek and Newark 
estimates." 

Maybe you can hear Sunbury and maybe not. His transmitter is 
pretty weak and for that reason Airways at Newark cleared you to 
Martins Creek from Bellefonte. But whether or not you hear Sunbury, 
he will hear you and forward your report. If you do hear him, 1t 
will be 

"Sunbury to Jones. over Sunbury at 3:58 at 7000. 
estimates unchanged. Traffic 1s so-and-so." 

Other 

You want to get down to 5000 feet by 25 miles before reaching 
the Martins Creek intersection, so about 4:10 you ease the nose over 
a little bit and start descending at 300 feet per minute to 5000. 
Now you're back on instruments, in and out of broken clouds and are 
riding the "A" twilight of the Newark range on 341 kc. You find 
that a heading of around 113° compensates for your drift and you 
begin tuning over to the Martins Creek frequency of 320 kc. You 
cross the southwest leg into an "N", take one more check on Newark, 
and then tune back to 320. At 4:35 you cross the southeast leg, so 
it has tal:en you 37 minutes to cover the 94 miles from Sunbury. Your 
computer says 152 miles per hour, which means 17 minutes from the 
intersection to the Newark range station. You take off 2 minutes 
for the extra speed of your descent and try to raise WREE (the con
trol tower at Newark) but you can't hear him, so you tune back to 
320 and call f'iartins Creek. 

"Navy l and plane Jones to Martins Creek. Over the inter
sectior. at 4:35 at 5000 on instruments estimate Newark at 
2000 at 4:50." 

Martins Creek shuts off the range, and on the range frequency 
you hear 
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. 
"Martins Creek to Jones 1n the Navy plane. Airways at 
Newark clears you to the Newark range station to maintain 
5000 feet until further advised. You are number 3 to 
land. American trip 12 crossed the intersection at 4:20 
at 5500 and is descending. You will be cleared down as 
soon as he reports he is contact." 

"Jones to Martins Creek. O.K. Holding 5000. What's the 
weather at Newark?• 

"Martins Creek to Jones, Newark at 4:00 was celling 2900 
feet broken umpth miles hazy, temperature 76 dewpoint 67 
wind SSW 9 barometer 30.02." 

"Jones to Martins Creek. Repeat visibility." 

"Martins Creek to Jones, visibility 5 miles, hazy." 

"Jones to Martins Creek. O.K. Thanks." 

And so you reset your altimeter, tune back to Newark frequency 
ot 341 kc, get on the "A" twilight band and continue on your way. 
You get your gyro heading well established to hold that twilight, 
tune over to 278 (wishing you had an auxiliary receiver so you could 
keep tuned to both range and voice frequencies) and call: 

"Navy land plane Pilot Jones to WREE. I'm holding 5000 on 
the west leg, estimate I'm about 20 miles from Newark. 
Have you any instructions tor me?" 

After about three calls (WREE is both busy and noisy) you hear 

"WREE to Jones in the Navy land plane. American trip 12 
was contact over Sununit at 4:30 at 2700. Airways clears 
you to the Newark tower to land it contact at 2000. Re
port when you are contact." 

So you tune back to the Newark range on 341, start descent, and 
break out definitely underneath at 2700. You tune back to 278 and 
call: 

"Navy plane Pilot Jones to WREE. Contact five east or 
Summit 4:47 at 2700, vis1b111ty 10 miles." 

"WREE to Jones 1n the Navy plane. Five east or Summit at 
2700. American is on the ground. Eastern Airlines was 
over Elizabeth at 4:4.S at 1500. You will follow him in. 
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' Do you see him?" 

"Jones to WREE. No, I don't see him yet." 

"WREE to Jones. He is just southeast or the tield. Give 
me a call when you're over the range station. The sur
race wind is south 10 barometer 30.01 pressure altitude 
85 below zero." 

And a couple or minutes later 

"Jones to WREE. Over the range station at 1200." 

"WREE to Jones. Eastern is just north or the !ield about 
to land. O.K. to follow him in." 

And so you land. Just as you get on the ground: 

"WREE to Jones in the Navy ship. O.K. to make a lert turn 
and taxi up to the Guard hangar.• 

"Jones to WREE. O.K. Will you PX me to Cleveland?" 

And the trip is over. 

But suppose the weather at Newark had been 600 and 1 mile and 
when you crossed Martins Creek you had heard: 

"Martins Creek to Jones. Airways clears you to the Newark 
range station to maintain 4000 reet until rurther ad
vised. You are number 3 to land. Expect approach clear
ance at 5:10." 

You would continue to the Newark range station at 4000 reet, no 
more, no less, ror you would know that there were airplanes below 
you and probably above you, holding at specified altitudes. As soon 
as you reached 4000 reet: 

"Jones to WREE. On the west leg at 4000." 

"WREE to Jones. On the west leg at 4000. Continue to the 
Newark range station at 4000 and hold on the southwest 
leg at 4000. You are number 3 to land. Expect approach 
clearance at 5:10." 

You would cross the Newark range station at 4000 and start 
turning to the southwest leg , tune your receiver to 276 and 

"Jones to WREE over the range station at 4000 at 4:52 
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holding on the southwest leg." 

and iDD11ediately tune back to the range frequency so that you could 
stay on the southwest leg. You would go out the southwest leg for 
about four minutes, make a procedure turn, and come back to the 
range station, get the cone of silence, start your turn back to the 
southwest leg and: 

"Navy land plane Lt. Jones to WREE. Crossed the range 
station at 5:02 at 4000. Turning back to the southwest 
leg." 

"WREE to Jones. Descend to 3000 feet immediately and 
maintain 3000 feet on the southwest leg. Report when you 
are at 3000. You are now ni.unber 2 to land, Expect ap
proach clearance at 5:15." 

"Jones to WREE. That is O.K. Starting to descend now." 

About three minutes later: 

"Navy plane Lt. Jones to WREE. Now at 3000 feet." 

"WREE to Jones. Now at 3000 feet. Maintain 3000." 

Then you tune back to the range. If you had an auxiliary re-
ceiver, you would keep the auxiliary tuned to WREE on 278 and the 
regular receiver tuned to the range. In that way, when WREE had in
structions for you, there would be no delay in receiving them. In 
some of these 'jam' sessions at Newark airplanes have been stacked 
up over Newark to 11,000 feet at 1000 foot intervals, waiting their 
turn to come in. Any pilot who is slow to receive or obey his in
struct ions in such a session thus holds up the whole parade, for 
airplanes are brought down 1000 feet at a time, and no airplane is 
cleared into the level formerly occupied by another plane until that 
plane reports that it has arrived at the next lower level. 

But, to return to Lt. Jones' trip, No. 1 lands; No. 2, which 
was holding at 2000 feet is cleared to land and instructed to re
port when at 1000 feet. When he reports that he is at 1000 feet, and 
not until, you (No. 3) are cleared to descend to 2000 feet. When you 
report yourself at 2000 feet, No. 4 is cleared from 4000 feet to 
3000 feet, and so on. 

Finally No. 2 lands, and if you have an auxiliary receiver you 
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will immediately hear: 

"WREE to Jones in the Navy plane. You are cleared to the 
Newark tower Standard Instrument Approach No. 1 to land. 
Report when you are at 1000 feet. Newark weather is now 
600 feet overcast visibility 1 mile light rain light fog. 
surrace wind north east five Barometer so-and-so Pressure 
altitude so-and-so." 

"Jones to WREE. O.K. Starting to descend. 
the ground at 5:30." 

Estimate on 

You reset your altimeter, start your descent, and at 1000 feet 
report: 

"Jones to WREE. Now at 1000 feet on the southwest leg. 
Starting to turn around to come back to the station." 

You make your procedure turn to the left or the beam (to be 
sure to keep the right hand side clear for any·out-bound ships) get 
back on the beam, descend to 800 feet (the standard final approach 
altitude at Newark) and come over the range station. But this time 
you do not report your time over. You are too busy and immediately 
start to let down tor the field; when you are underneath, then call 
WREE, if there is time. 

Airline ships will have received their instructions over the 
company frequency. The pilot who is sitting out there with only one 
receiver which he must use both to stay on the beam and to receive 
his instructions from the tower is at a terrible handicap, particu
larly if he has any trouble staying on the beam due to rough air or 
high winds. If you have only one receiver it is a good idea to con
tact the tower about every five minutes so that you will not be un
duly delayed in receiving and complying with instructions. 

One thing to remember 1s that each pilot gets only one pass at 
the field. If he does not establish contact on that first let-down, 
he cannot make another try if any other ships are waiting to land, 
but irranediately after pulling up to the minimum safe altitude speci
fied in the pull-up procedure, must contact the tower (or his com
pany station if a scheduled flight), report that he was unable to 
establish contact with the ground (missed his approach), and stand 
by for instructions. These will come rrom airways and will either 
be to climb back to the top or the pile or to proceed to his alter-
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nate airport. The decision as to which will usually be left up to 
the pilot. In either event ainvays will specify a procedure tor 
climbing back up or proceeding to his alternate·, which will keep him 
clear of other traffic. 

The above are typical trips under ainvays traffic control. Two 
things have been evident (1) the progress o! the trip was being con
stantly watched, and (2) the trip was kept separated from other 
traffic at all times by either time or altitude separation or both. 

That separation is a minimtUll ot 15 minutes tor two ships at the 
same altitude and except tor landing $equences, an altitude separ
ation or at least 2000 feet tor two ships proceeding in the same di
rection. 

Ainvay Traffic Procedure (Not under Ainvay Traffic Control) 

Outside a traffic control area, approximately the same thing 
takes place. Before entering a control zone of intersection, you 
would call the communications station 

"Stinson 14188 to Chattanooga." 

"Chattanooga to Stinson 14188." 

"Stinson 14188 to Chattanooga. On the south leg at 5000 
estimate over Chattanooga at 3:30 proceeding to Nashville 
on the northwest leg." 

"Chattanooga to Stinson 14188. 
traffic that I know ot . " 

That is O.K. There is no 

When you crossed the cone ot silence at Chattanooga 

"Stinson 14188 to Chattanooga. Over the station at 3: 30 
at 5000 proceeding ·out the northwest leg tor Nashville." 

"Chattanooga to Stinson 14188. Over the station at 3:30 
at 5000. Eastern Airlines wa.s oft the ground Nashville 
at 3:24 !lying to Atlanta at 6000 estimates Chattanooga 
at 4:04 at 6000." 

And so you would continue on your way to Nashville. Before en
tering the control zone of intersection at Nashville: 

"Stinson 14188 to Nashville. On the southeast leg at 5000, 
Estimate over the station at 4: 15 at 5500. I intend to 
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land at Nashville." 

"Nashville to Stinson 14188. On the southeast leg at 5000 
estimate Nashville at 4:15 at 5500. American trip 8 rrom 
Memphis estimates over the station at 4:10 at 4000. Sug
gest you hold 5500 until he is underneath." 

Ir this were a !light rrom Atlanta to Nashville (which at the 
present time is entirely outside an airway traffic control area) it 
would not have been necessary (though certainly desirable) to have 
filed a !light plan. Ir a !light plan had been filed, it would have 
been forwarded by teletype trom Atlanta to C~attanooga and Nash
ville. Your reported times and altitudes over radio fixes would be 
forwarded in the same way. 

Departures 

We have mentioned that instrument !lights are kept separated by 
time and altitude, and if proceeding in opposite directions,by keep
ing to opposite sides or the airway. When two airplanes both plan 
to use the same airway at the same altitude and their time or take
orr is within 15 minutes or each other, Airways will hold the second 
ship on the ground until the first has been orr the ground !or 15 
minutes. However, if the pilot or the second ship elects to change 
his !light plan to a different altitude, he will usually be cleared 
with little or no delay. 

Standard Instrument Take-orrs 

During the 'jam' (landing sequence) session at Newark described 
above, take-orrs were also restricted. When a ship has been cleared 
to land under instrument approach conditions, that clearance is a 
guarantee to the pilot that no airplanes are going to get in his 
way. Consequently, after such a clearance has been issued, planes 
desiring to depart are not only held on the ground but orr the run
way. Immediately arter a ship has landed departures may be per
mitted, usually ror "Standard Take-orr". 

Standard take-off means to follow a course and fly at altitudes 
that will keep the dei;arting ship well clear of ships holding or ar-
riving. At Newark, this usually means to fly at 1000 feet or less 
until beyond the range station, then to fly at an assigned altitude 
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well to the rigtit or the beam. It may mean (since ships are holding 
on the southwest leg) to climb northeast or the field to an altitude 
or tour, five or six thousand feet, then to turn southwest and pro
ceed through this holding traffic at some assigned level which will, 
or course, be kept clear for the departing ship. This assigned al
titude will be held until past the Princeton intersection (sometimes 
until past Camden) before the departing ship can go to the desired 
cruising altitude. 

Instructions as to the kind or take-orr and climb procedure are 
relayed to the pilot (whether scheduled or non-scheduled) from Air
ways by the control tower, before the tower clears the take-orr. 

Summary or Procedures under Airway Traffic Control 

The purpose or airway traffic rules and airways traffic control 
is to prevent collisions, which is done by 

(1) Detennining where every airplane on all the airways in 
the control area is at all times. 

(2) Keeping airplanes going in the same direction separa
ted by a time interval or at least 15 minutes, or by 
an altitude separation or at least 2000 feet (except 
in a landing sequence), or both;keeping airplanes mov
ing in opposite directions separated by an altitude 
difference or at least 1000 feet and on opposite sides 
or the airway. 

In order to accomplish these things the pilot must file a 
flight plan, report his time and altitude over radio fixes and obey 
instructions from the airway traffic control station. These flight 
plans, reports, and the clearances and instructions which relate to 
them are relayed through the C.A.A. conununications system - usually 
the "Schedule 'B'" teletype net. The airway traf:fic control station 
is the nerve center for the airway control area; it collects and 
correlates all the information and issues all the instructions nec
essary to keep traffic moving smoothly and safely along the airways. 

Scheduled pilots observe exactly the same procedure or reports, 
clearances and instructions in CAVU weather as in the worst instru
ment conditions; by so doing they become accustomed to following the 
procedures, and find it easy to follow them when safe operations 
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could not proceed without exact and instant compliance with them. 
The same practice is recommended to non-scheduled pilots; with a 
little practice, procedures which may seem complicated and cumber
some at first, soon become second nature. The ability to follow the 
procedures easily may well mean the sate completion or a !light at 
some time when following these procedures is absolutely necessary. 
That is one or the reasons tor recommending the tiling or a complete 
!light plan tor a contact !light just as tor an instrument !light, 

I think we have seen that instrument !light along crowded air
ways 1s not child's play - it is serious business,and the failure or 
any one element, human or mechanical,to carry out assigned !unctions 
in minute detail, can throw what was five minutes before a smoothly 
moving stream or traffic, into turmoil. 

Traffic control is conducted tor the benefit or everyone who 
uses the airways - it ls your protection as well as the other tel
low• s. 

Parting Word 

I do not want to be a kill-joy, but I particularly want to im
press one thought again. I hope this manual has helped you to be
come an expert instrument pilot, to fly the ranges intelligently and 
accurately, and that you will be able to profit by this ab1ltty, 
But I also hope you will remember that there are times when radio 
or other equipment tails, when even expert ability can miss the all-
1mportant "only chance". Restr1 ct your actual instrument !lying to 
conditions such that, if a failure occurs, you will have a sate 
"out" by dead-reckoning. There ls a lot or difference between doing 
a slick job of instrument !lying under a hood with a safety pilot 
ready to keep you out or serious trouble, and in doing it alone, 
under actual blind conditions, possibly with high winds, extreme 
turbulence, thunderstorms crackling all around or a load or ice with 
a tough instrument approach and possibly a traffic jam ahead or you 
at the terminal. There is a place for instrument flying; done at 
the proper times and under the proper conditions it will add much to 
your usefulness and joy in !lying - and to your safety. Keep well 
to the conservative side - ease into this weather flying gradually. 
Add to the requirements of equipment and skill the even more 1m-
portant requirement 
only with experience. 

of experience and the judgement that can come 
Take it easy! Good-bye and good luck. 
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APPENDIX A 

TWO STATION INTER-PHONE SYSTEM 

Since many pilots have experienced difficulty in obtaining sat
isfactory intercockpit communication, the following description and 
wiring diagram or a very excellent system iS offered. This simple 
inter-phone system is designed for use in open cockpit ships: it 
permits simultaneous communication between front and rear cockpit 
and at the same time provides sufficient inter-phone volume to over
ride the normal radio beacon signal volume and the more or less 
severe motor noise encountered in ships of this type. Since ships 
used for instrunent instruction must of necessity carry a radio re
ceiver, this inter-phone circuit accomplishes the purpose by using 
the audio output stage of the receiver as the inter-phone amplifier. 
The circuit as shown below is extremely simple and utilizes parts 
that may be purchased at almost any radio store, with the exception 
of the microphones, which should be of the "Press-to-Talk" type and 
may be procured through any aircraft radio dealer. RCA Model AVA-31 
microphones are particularly suited to this circuit. 

LEGE NO 

T - DOUBLE BUTTON MICROPHONE TO GRID TRANSFORMER. 
C = .01 MFD. 400 VOLT PAPER CONDENSER. 

R1 - 300~ 2 WATT CARBON RESISTOR. 
R2 - 250,000~ VOLUME CONTROL 
J1 - MICROPHONE JACK. 
J2 - HEADPHONES JACK. 

SCHEMATIC DIAGRAM, INTER-PHONE SYSTEM 
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As shown on the schema.tic,the Transtonner "T" is a small double 
button microphone-to-grid transformer and should be mounted whenever 
possible inside the receiver case. The volume control R-2 should 
also be mounted inside the receiver case and may be best mounted 
directly on top or the transtonner "T" by means of a small aluminum 
bracket. The end or the volume control shatt should be slotted with 
a hacksaw so that this control may be adjusted by means or a screw
driver. This adjustment need not be accessible as it is made only 
once and is set tor the amount or volume required to give good in
ter-phone conmunication. The resistor R-1 will be in the neighbor
hood or 300 ohms but may vary slightly with the type or transformer 
used. In any event, it should be or such a value that the micro
phone voltage in no case exceeds a value or 4 volts. In order to 
avoid the use or an additional switch tor turning the inter-phone 
system on and ott, the 12-volt lead trom resistor R-1 has been run 
to the 12-volt supply in the receiver itse1r · so that the voltage is 
supplied to the inter-phone system only when the receiver is turned 
on. 

Two Western Electric type 1-B jackboxes, or equivalent, are re
quired, one tor the tront cockpit and one tor the rear, to hold the 
microphone and headphone jacks. The jacks J-2 are standard head
phone jacks and are wired in parallel with the receiver output jack 
which is usually located on the receiver control panel. The micro
phone jacks J-1 are or somewhat ditterent size and construction and 
are made especially to take the Western Electric Company Type 109,or 
equivalent, plug on the RCA Model AVA-31 microphone. The microphone 
plug is or somewhat smaller size than the headphone plug so that it 
is impossible to damage either the microphone or headphones by plug
ging either of these units into the wrong jack, 

Two pieces or two wire shielded cable· #16 or #18 B.& s. extend 
from the receiver,one piece going to the jack box in the tront cock
pit and the other to the jack box in the rear cockpit. It will be 
seen that one wire in each of the cables carries the microphone cir
cuit and the other conductor carries the headphone circuit into the 
receiver. The ,01 condenser in the grid lead to the last audio stage 
of the receiver is of extreme importance and must be used in order 
not to affect the operation of the receiver. It is of course im
portant that all connections be well made and caretully soldered and 
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that the shield on the wires going to the jack boxes be firmly 
grounded on both ends. 

To operate the inter-phone the receiver ls f 1rst turned on and 
since the inter-phone voltage ls taken from the receiver itself, the 
inter-phone system ls then ready for operation, The speech from the 
inter-phone system will be superimposed over whatever signal ls be
ing received on the receiver and the volume of this speech may be 
regulated by adjusting the resistor R-2 to give the desired ampli
tude. 
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APPENDIX B 

EXAMINATION FOR RADIOTELEPHONE THIRD CLASS LICENSE 

(Type or Questions and Answers) 

Q 1. Explain briefly what is meant by the following: (a) Frequency 
Tolerance, (B) Over Modulation, (c) Harmonic emission, (d) Mo
bile service, (e) Mobile station. 

A 1. (a) Frequency tolerance is the maximum permissible separation 
between frequency assigned to a station and the actual fre
quency or emission. 

(b) Modulation is the varying in amplitude or the carrier wave 
by voice (or audio) frequencies. One hundred percent modula
tion takes place when the amplitude or the carrier wave is 
varied from zero to twice the modulation value. Any increase 
in modulation which causes the maximum amplitude to exceed 
twice the normal carrier amplitude is over modulation and re
sults in distortion. 

(c) Harmonic emission is the radiation or power on multiples 
or the fundamental frequency generated. (Harmonics from the 
transmitter or the radio station may cause interference and 
must be suppressed.) 

(d) The term "Mobile Service" means a radio communication ser
vice carried on between mobile and land stations, and by mo
bile stations communicating among themselves. 

(e) A "Mobile Station" is a station that is capable or being 
moved and ordinarily does move, such as an airplane or steam
ship. 

Q 2. What operations are necessary to stop emissions from the 
transmitter? 

A 2. Emissions from a transmitter are stopped by various means, the 
method depending on the design and use of the transmitter. 
Release or microphone button (switch), breaking plate supply 
by a suitable relay, increaslng grid bias voltage to reduce 
plate current to zero, or opening master switch in power 
source. 
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Q 3, Name five misdeeds which are grounds for suspension or revoca
tion of license. 

A 3, 1. Use of profane or obscene language. - 2. Deliberate or mal
icious interference. - 3, Use of license for service other 
than authorized. - 4. Divulging contents of a message to other 
than the addressee or his agent. - 5, Knowingly transmitting 
false or fraudulent distress signals. 

Q 4. What class of communications have priority over all classes? 

A 4, Radio communications from ships or aircraft in distress shall 
have absolute priority over all other transmission. No other 
station shall restune communication until the need for "dis
tress" traffic no longer exists or it is determined that the 
transmitting station will not interfere with "distress" traf
fic. 

Q 5. State: (a) Requirements concerning Posting of operators' li
censes. (b) Posting of station licenses. (c) Class of sta
tions at which the operators' license need not be posted. 

A 5. (a) Operator's license shall be posted in a conspicuous place 
in the room occupied by the operator while on duty. 

(b) Station license shall be posted in a conspicuous place in 
the room in which the transmitter is located. 

(c) Mobile stations where operator is not permanently assigned 
to any one station. In such case operator should carry his 
license or license card on his person. 

Q 6. What is the law in regard to secrecy of messages? 

A 6. No person receiving or assisting in receiving any radio com
munication shall divulge or publish the contents, substance, 
purport, effect or meaning thereof except through authorized 
channels to any person 
attorney. EXCEPTIONS: 

other than the addressee, his agent or 
This does not apply to information 

broadcasted o~ transmitted by amateurs or others for general 
public use, or relating to ships in distress. 

Q 7. (a) What penalty for violation of any of the provisions of 
cor,,rr.unicat ions Act of 1934? 
(b) Where may you find information showing the classes of sta
tions which may be operated by persons holding a third class 
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operator's license? 

A 7. (a) Penalty is not more than $10,000 fine, imprisonment for 
not more than two years or both. 

(b) This information can be found in Federal CowJnunications 
Rules and Regulations under the heading "Operator Licenses". 

Q 8. What is the penalty for failure to observe regulations of the 
licensing authority? 

A 8. Penalty is not more than $500.00 a day for each and every day 
such offense occurs. 

Q 9. Describe the method of operating the equipment for which you 
are making application. 

A 9. First, master battery switch on aircraft is closed, then mas
ter radio switch is closed v.hich allows receiver and trans
mitter crystals to heat. After approximately ten minutes the 
crystals are up to tE111perature and equipment will be on fre
quency assigned. Then receiver switch is closed to supply 
filament and plate current for its operation. The transmitter 
switch can be closed, supplying filament current and placing 
plate power supply in readiness for operation. 

By pressing microphone button,proper relays are operated pl~c
ing carrier on air. By speaking into microphone the car-
rier is modulated for communication. On releasing microphone 
button transmitter ceases to radiate and receiver is placed in 
operation. After completion of communication, the transmitter 
switch is thrown to "off" position shutting down the trans
mitter. 

Q 10. What matter is unlawful to transmit by radio? 

A 10. Fraudulent distress signals, obscene, indecent, or profane 
language. Each class of service has limitation on the matter 
that may be transmitted, For example, in aviation radio ser
vice paid messages may not be accepted for transffiission, and 
only matter pertaining to the operation of the air transport 
service may be handled. 

Q 11. If a transmitter fails to modulate, what would you look for? 

A 11. Examine the microphone and its associated circuits, look for 
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blown ruses in audio supply circuits, look ror defective audio 
tubes. 

Q 12. Ir a transmitter rails to stay on rrequency,what would you do? 

A 12. Cease transmission at once, check the frequency control cir
cuit ror trouble, look ror blown ruses in the control circuit, 
see that crystal frequency control unit is maintaining proper 
temperature. 

Q 13, Ir a transmitter rails to radiate, what would you do? 

A 13, Examine the following ror defects - Antenna and connections to 
the transmitter,radio tubes,power supply,tuning units, ruses. 

Q 14. What is the distress signal? 

A 14. Radio telephone distress signal is MAYDAY 
Radio distress signal is ••• - - - ••• (SOS) 

Q 15. What apparatus can be used in connection with this license? 

A 15. A radiotelephone transmitter or not over 300 watts input can 
be operated by one holding this class license. 

Q 16, Who has the authority to transmit the distress signal? 

A 16, The master of a vessel or pilot or a plane can authorize the 
transmission of the distress signal. 

Q 17. Will this license allow you to operate any transmitter? 

A 17. No. Only a radiotelephone transmitter of not over 300 watts 
input. 

Q 18, Who can legally operate radio transmitting apparatus? 

A 18. Only a person holding a radio operator's license or proper 
class and grade for the type transmitter used. 

Q 19. What precautions must be exercised in divulging information 
received by radio? 

A 19. Precaution must be taken to see that the information is di
vulged only to the addressee or his agent, unless sent by 
amateur station or broadcast for general public, or relates to 
ship in distress. 

Q 20. In case the transmitter is not functioning nonnally, what 
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steps would you take to rectify the trouble? 

A 20. Examine all !uses to see that none have tailed, look at the 
antenna, and antenna coupling, examine all tubes tor !allure, 
see that !!lament and high voltage supply is !unct1on1ng, ex
amine microphone and associated circuits. 
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