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FOREWORD 

The principle of successful f<>1 flying was demonstrated in the 
Fund's Full Flight Laboratory on the morning of September 24, 
1929. Seated in a completely covered cockpit and &Uided entirely by 
his instruments, Lieutenant James H. Doolittle, in charge of the 
Laboratory, took off from Mitchel Field, flew away from the field, 
turned around, rccroesed it, turned apin and came back, landin1 a 
short distance from his starting point. The demonstration, which took 
place before a handful of people, marked the consummation of a year's 
concentrated efforts to discover a solution of flying and landina 
throup foc. 

The experiment has only established the principle of safe fog 
flying which must be eventually perfected for commercial use. It 
points the way, however, to the elimination of the last &rcat hazard 
to the reliability of airplane travel. Once this method is perfected, 
the airplane will ·become more independent of weather conditions than 
any other form of transportation, having the advantage of different 
planes of travel and of a number of approaches to its destination, 
without using a congested roadway or water channel. 

Particular encouragement can be derived from the fact that the 
demonstration was realized through the aid of only three instruments 
which arc not already the standard equipment of an airplane, and 
two of these three will replace two instruments now in use. Thus 
the commercial utility and economy of the experiment is ~urcd from 
the start, and it should not be lone before equipment evolved from 
this cxperimcn t is in general use over a nationwide system of air 
transport, first in the air mail and later in p&acn&eJ' service. 

For this further development we must rely, in a large measure, 
upon the efforts of commercial and military organizations. That 
these efforts will be manifest, the Fund docs not doubt, and to this 
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end we are publishine herewith u full a report of the experiment as 
is possible in order that its results may become public knowledge, con
tributing to the public good. 

Within the limits of its capacity, the staff of the Fund has en
deavored to assist all interested patties and direct their efforts into 
useful channels. On the other ha~d, the wor.k accomplished by the 
Fund could not have been carried on without the assistance of gov
ernmental and civilian organizations interested directly or indirectly 
in the solution of the various problems involved. Thus we have had 
the wholehearted cooperation of a large number of individuals and 
organizations, notably the U. S. Army Air Corps, the Bureau of 
Standards, the Navy, and the following companies: Pioneer Instru
ment Company, Taylor Instrument Company, Sperry Gyroscope Com
pany, Bell Laboratories, Radio Frequency Laboratories, Kollsman 
Instrument Company, and Leece-Neville. Their splendid assistance, 
as described in the following report, has made this work ~ible. 

October 9, 1929. 
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HAJUlY F. GUGGENHEIM, 

President. 



. . . . - -. '. . .. . . ... . . 

SOLVING THE PROBLEM 
OF FOG FLYING 

• 

. , . . . . 

At the time that the Daniel Guggenheim Fund for 
the Promotion of Aeronautics was founded, flying was 
passing from the purely military and experimental 
stages and becoming in European countries a means of 
commercial transportation, competitive with ground 
and sea transport systems. It was appreciated by the 
Fund that in order to promote commercial aeronautics, 
flying must not only be a safe and rapid means of travel, 
but one dependable and reliable as well. Navigation at 
night, in snow storms or in fog, when visibility is low, 
was one of the outstanding unsolved problems. 

Some investigations along this line had already been 
carried out by Governmental departments in this coun
try and abroad, studying more or less independently 
different phases of the problem, such as fog dissipation 
and radio communication. In order to expedi.te and 
concentrate this work the Fund in September, 1926, 
organized an informal committee for the coordination 
of fog flying research. This committee consisted of Ed
ward P. Warner, F. Trubee Davison and William P. 
McCracken, Assistant Secretaries of War, Navy and 
Commerce respectively, representatives of the Weather 
Bureau and the Post Office Departments, and Mr. Harry 
F. Guggenheim, President of the Fund. The committee 
defined the main problems to be considered as follows: 
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( 1) Dissipation of fog. 

(2) Development of means whereby flying 
fields may be located from the air re
gardless of fog. 

( 3) Development of instruments to show 
accurately the height of airplanes above 
the ground, to replace barometric in .. 
struments now in general use showing 
height above sea level. 

( 4) Improvement and perfection of instru .. 
ments allowing airplanes to fly properly 
in fog. 

( 5) Penetration of fog by light rays. 

It was intended only that the committee would make 
a careful study of the situation guided by the advice of 
technical experts, both here and abroad, and designate 
those organizations best equipped to carry on the neces .. 
sary work. The European representatives of the Fund 
sent monthly reports describing the developments in 
Europe. These representatives are: 

Major R. H. l\1ayo - - - - - England 

Mr. Henri Bouche - - - - - France 

Mr. A. G. von Baumhauer - - Holland 

Professor Raffaele Giacomelli - - Italy 

Mr. Erich Offermann - - - - Germany 

As the study developed, it became apparent that 
there were a number of fundamental questions that 
must be decided before an entirely satisfactory solution 
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of fog flying could be reached. As these problems were 
highly scientific in nature, they were undertaken by the 
Fund either thru the employment of specialists or thru 
grants of money to different universities, as follows: 

(1) Thru Mr. A. G. von Baumhauer, the Fund's 
representative in Holland, an arrangement was made with 
Professor G. J. Elias of the Technical University of Delft 
for research work: in the development of a sensitive altimeter 
on the acoustic or sonic principle. This experimentation 
has been under way for two years, and the results to date 
are promising. If successful, this altimeter will be a distinct 
aid in fog flying problems. 

(2) A grant was made to the University of California 
(Los Angeles branch) for the purpose of enabling Professor 
L. P. Delsasso, ~ate in Physics to investigate the prac
ticability of using acoustic methods in the determination of 
the altitude of aircraft and other research in connection 
therewith. 

( 3) A grant was made to Ohio State University for 
conducting a research in the development of a radio alti
meter under the direction of Professor William L. Everitt 
of that University. 

( 4) The services of Dr. S. Herbert Anderson of the 
University of Washington were secured for a year on a 
loan basis. Dr. Anderson in cooperation with the Army Air 
Corps authorities is stationed at Wright Field and has been 
engaged in intensive research work in connection with light 
and ray penetration of fog and analogous subjects having a 
direct bearing on the fog flying problem. His leave has been 
extended for a second year in order that these projects may 
be brought to a point where definite conclusions may be 
drawn from the wor.k accomplished. 

During the past summer, Dr. Anderson has been assisted 
by Dr. James Barnes of Bryn Mawr College. Dr. Barnes is 
continuing this work at Frankfort Arsenal. 
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(5) A grant has been made to Cornell University for 
the purpose of conducting research as to the underlying 
causes of the formation of ice on aircraft. This work was 
suggested by and is under the supervision of the well-known 
physicist Dr. W. C. Geer, who is generously giving his 
services to the project. The research is in direct charge of 
Dr. Merrit Scott of Cornell University. 

I. FULL FLIGHT LABORATORY 
AND EQUIPMENT 

The oceanic flights made during the summers of 
1927 and 1928 demonstrated more clearly than ever 
before the importance of blind flying and the compara
tively small amount of progress that had been made 
along this line since the World War. Accordingly, the 
Fund decided to initiate a more active campaign in
cluding the establishment of a full flight laboratory. 
This laboratory made available for the first time in this 
country competent advice as to the real needs of aero
nautics in fog flying, and it also made available flying 
equipment and capable pilots for testing out any devices 
which might be proposed and constructed. This made 
it possible for non-aeronautical organizations to submit 
their suggestions and to apply the knowledge which they 
had gained in other work than that of aeronautical devel
opment 

The organization of the project was announced in 
August under the direction of Lieutenant James H. 
Doolittle, stationed at Mitchel Field and made avail
able for this work thru the courtesy of the United States 
Army Air Corps. In February, Lieutenant Doolittle 
was joined by Professor William G. Brown of the 
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Massachusetts Institute of Technology, who has acted 
as his Technical Assistant. The President of the Fund 
and Captain Emory S. Land (C.C.), U. S. N., in his 
capacity as Vice-President, had direct supervision over 
the project. 

The research on fog flying, as carried out by the 
Fund, has to do not only with the navigation of air
craft thru fog, but also has sought to find a solution of 
the general problem of blind flying. 

The possibility of preventing the formation of fog 
and its dissipation has been considered, as well as the 
equipment for warning a pilot when conditions con
ducive to fog formation exist, in order that he might be 
forewarned. The question of flying in a blinding snow 
storm or blizzard has been considered as being a prob
lem common to fog flying. In this connection, the for
mation of ice on wings and wires of the airplane in
troduces an additional difficulty. Along with the main 
problem of fog flying must also be considered other 
dangers in connection with lack of visibility, most im
portant of which is the danger of collision. 

In previous studies it has usually been assumed not 
only that the wind velocity was very low, but also that 
the region of poor visibility existed only at low altitude 
and could be surmounted by a balloon anchored on the 
ground. The Fund has discounted both of these as
sumptions; the first, which is obviously erroneous for 
flying in snow blizzards and the second, which cannot 
be depended upon because of existing knowledge of 
fogs continuous from the ground to an altitude of 10,-
000 feet. 
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In carrying out its policy, the Fund analyzed pos
sible methods of accomplishment and selected one 
method. Instrument manufacturers were informed of 
the instrument requirements and encouraged to develop 
them. From the beginning the closest contact was 
maintained with aeronautical and non-aeronautical or
ganizations in a position to contribute to the work. In 
addition, the Full Flight Laboratory has maintained 
f rec consulting service within the scope of its activities. 
In the year of its operation, several hundred inventions 
have been examined and advice given as to previous 
developments along similar lines and ways in which 
improvements might be made. 

( 1) Aircraft Equipment 

In choosing equipment for the Full Flight Labor
atory, the Fund examined all available ships being pro
duced in this country, finally selecting the Consolidated 
NY2 and the Vought 020-1. The NY2 is admirably 
suited for fog or blind flying because of its low landing 
speed, its rugged construction and high factors of safety 
and easy access to all parts of the ship for installation 
of special equipment. When delivered to the Fund, 
this ship was equipped with large wings, as furnished 
to the Navy Department. It also had special oleo shock 
absorbers and special rigging, with large dihedral 
angle. It had positive inherent stability about all three 
axes. 

Preliminary tests on the ship showed that it could 
be flown into the ground at speeds up to 15 miles per 
hour above the landing speed without damage. To fur
ther improve the ship for fog flying work, the rear 
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cockpit was equipped with a crash net about six inches 
from the instrument board and a new wind shield was 
installed to give more protection to the pilot. The craft 
was equipped with all practical aids to flight and navi
gation, including an ice warning thermometer and an 
earth inductor compass. The instruments were grouped 
in such a way as to permit the pilot to watch them with a 
minimum of effort. 

In order that the pilot might be in communication 
with the ground at all times and thus obtain meteoro
logical data and barometric pressures at the ground, the 
NY2 was equipped with both radio 'phone receiver and 
transmitter. The receiving set, made for the Fund by 
the Radio Frequency Laboratory at Boonton, is espe
cially suited for radio beacon reception and connected 
to a mast antenna in order to avoid directional effects. 

The "Corsair" 02U-1 fills the needs of the Fund 
for a ship having a greater speed than the Consolidated 
NY2 either for the testing of special instruments and 
equipment or for cross-country missions. The tint 
"Corsair" was badly damaged upon returning from 
Buffalo when fog was encountered at night and a blind 
landing was made near an airways beacon in New Jer
sey. This flight emphasizes the necessity, first, of carry
ing parachute flares on all night flights; second-£ re
quent and reliable weather reports preferably obtained 
by radio during flight; third-excess motor power when 
flying in fog; fourth-locating landing fields near air
way beacons and giving them illumination by stray light 
from the beacon. The superiority of electric flashes 
from car rails as a means of fog penetration, confirmed 
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by Colonel Lindbergh's observations, was also demon
strated. 

For hangar space for the Full Flight Laboratory, 
the Fund is utilizing an Army hangar at Mitchel Field 
made available thru the courtesy of the Air Corps in 
connection with the Fund's Safe Aircraft Competition. 

(2) The Use of Radio 

Radio communication between the airplane and the 
ground is one of the most important aids in blind flying 
and navigation. In the present development of the art, 
radio is used for several purposes as follows: to keep the 
pilot informed as to changes of weather along his route; 
to get position of the aircraft, either by means of bearing 
observations made in the airplane or on the ground; 
to follow a definite course as marked out by a radio bea
con; to obtain information as to landing conditions at 
the airport, such as, for example, the barometric pres
sure at the ground level; to call for aid in giving the 
airplane's position in case of an emergency landing. 

It seems reasonable to suppose the use of radio can 
be extended and possibl) radio will furnish the most ef
fective solution of fog flying. Accordingly, the Fund has 
chosen for its test airplanes the best radio equipment 
available commensurate with considerations of weight 
and ease of operation. The Fund has also worked in 
close cooperation with those organizations which are 
developing radio for aircraft use and has tested their 
equipment and made suggestions for its improvement. 
Those organizations with which the Fund has cooper
ated most closely in this respect, include the Bell Tele
phone Laboratory, the Department of Commerce, Air-
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ways and Radio Divisions, the Radio Frequency Lab
oratory at Boonton, the Radio Corporation of America, 
and the Bureau of Standards. 

The receiving instrument in use on the Fund's air
plane is equipped with a special experimental head set 
manufactured by the Bell Telephone Laboratory, hav
ing in place of the regular earphones small moulded 
forms that fit inside the ears excluding all outside noises 
and giving increased sensitivity. The transmitting set 
was made for the Fund by the Bell Telephone Labor
atory. It is contained in a small case about 3"x10''x10" 
and weighs approximately ten pounds. It is mounted 
directly behind the engine and operates thru a trailing 
wire antenna from the rear cockpit. The power supply 
for the two five watt tubes is derived from a two voltage 
Leece-Neville engine generator. In a flight test made 
on this transmitting set, operated on a wave length of 
11 meters, we have had very satisfactory 'phone com
munication from the airplane when over fifty miles 
away from the ground station at Mitchel Field. For 
night flying and emergency use, the NY2 is equipped 
with a pair of Pyle National six inch landing lights 
and one parachute flare. 

Altho the Bell Telephone transmitter, which is 
good for 75 miles, and the R. F. L. radio receiver have 
proved eminently satisfactory either when communi
cating with the field, flying on the beacon, or getting 
weather reports, the Fund is investigating all possible 
improvements along this line. It appears that the per
fection of the new screen grid tube No. 224 will make 
possible small and light receiving sets utili~ing only 
two or possibly three tubes and being as selective and 
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as sensitive as is possible in aircraft where they are 
handicapped by some ignition interference. 

The Fund still uses, in connection with its receiving 
set, a mast antenna mounted midway back on the fuse
lage. Altho this type of antenna has ideal directional 
qualities, which make it especially suitable for use in 
connection with the radio beacon, the first installation 
with its system of guy wires produced an undesirable 
air drag. Later a tapered, streamlined dural cantilever 
mast was installed. This gave trouble due to vibration. 
Very little _work has been done towards finding an ideal 
type of airplane antenna and it was agreed at the last 
conference, between the Fund's representatives and the 
R. F. L., that this would be a subject for careful study. 

One serious difficulty that has been experienced by 
the Fund in connection with the radio receiving set is 
the control of sound volume. For example, in ap
proaching a radio beacon station, the sound intensity 
changes at such a rapid rate as to take up too much of 
the pilot's attention in adjusting the set. This question 
of automatic control is one that has been given consider
ation and one for which a satisfactory solution will soon 
be obtained. 

Still another difficulty, in connection with the use 
of radio, is the proper shielding of the aircraft ignition. 
The Fund has found adequate shielding for the igni
tion wires, but so far has not tested any shielded igni
tion plugs which were completely satisfactory. Diffi
culty with plugs tested has been not so much in the ab
sence of shielding, but in improper insulation between 
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the shielding and the high tension wire resulting in. 
poor operation of the motor especially in wet weather. 
Complete solution of this difficulty seems to be one that 
may come about automatically thru the use of the 
Diesel type engine. 

Investigations that have been conducted relative to 
choice of radio transmitting sets for airplanes have 
pointed towards the use of a low power short range set 
as against more powerful equipment. This is for the 
following reasons: First-the weight of the transmitter 
increases very rapidly with its useful range. If long 
wave lengths are used, the set is unduly heavy. Second 
-radio bearings made by ground stations are likely to 
be erroneous under bad weather conditions. If short 
waves are used, the reliable range can be covered with 
a low powered set 

The chief use of the transmitting set in fog flying 
seems to be in getting information as to ground condi .. 
tions and in asking for radio bearings from the ground 
when near the lan~ing field. For these purposes a short 
wave airplane transmitting set seems to suffice. One 
particular advantage in the short wave transmission is 
its freed om from static interference on weak signals. 

The Radio Frequency Laboratory has just con .. 
structed a light radio transmitter which will not require 
a double voltage generator on the motor to supply plate 
voltage. On this set the plate voltage is supplied by a 
Ford spark coil operated on a starting battery in the 
plane. The whole set which should be good for trans
mission up to 150 miles weighs only four pounds. As 
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this set operates on a short wave length and can be used 
with a wing antenna, it is of special interest for fog flying 
since it obviates the use of a trailing wire which must be 
drawn in before landing. 

(3) Flying Instruments 

With the regular flight instrument equipment pro
vided on airplanes, blind flying is theoretically possible 
so long as the airplane does not come in contact with 
anything on the ground. By means of gyroscopic in
struments, the pilot prevents rotation of the airplane 
and is able to determine his course from his compass 
and from his inclinometer. In practice, blind flying 
has proved to be very difficult and is possible only with 
a personnel particularly skilled in the use of instru
ments. Even with practiced personnel, flying with a 
tum indicator when the horizon is not visible, is very 
fatiguing if carried on for several hours under ideal 
conditions. In bumpy air it is difficult to maintain a 
desired course even for a few minutes. Many accidents 
have occurred in airplanes with complete instrument 
equipment because of difficulties in the use of the in
struments provided. 

One of Lieutenant Doolittle's projects was the sim
plification of the instrument board and the procure
ment of a flight indicator which would be simple and 
more direct in its indication and require less translation 
and mental effort on the part of the pilot. As a first 
step in this direction, the Fund's two airplanes were 
equipped with instrument boards so arranged that the 
hands of all directional indicators formed a straight 
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vertical line when level and flying straight and the 
hands of all indicators affected by fore and aft inclina
tions formed a horizontal line when in normal fore and 
aft attitude. With this instrument board the pilot can 
detect deviations from straight and level flying by 
watching for irregularities in two intersecting lines. 
Grouping of a number of instruments in this way gives 
something of the effect of a single instrument combining 
the indicating properties of the whole group. 

The next step towards the simplification of blind 
flying was the procurement of a single instrument 
which would replace a number of other instruments 
giving less direct indications. The pilot, when the visi
bility is good, depends almost entirely on the attitude of 
his airplane as seen against the horizon line for deter
mining proper conditions of flight. It was believed 
that this instrument should take the form of an arti
ficial horizon line mounted on the instrument board 
and arranged in such a way that the pilot by looking at 
it would receive the same information in maneuvering 
as from the horizon itself. Before initiating the devel
opment of such an instrument, two German artificial 
horizon instruments, the Anschutz and the Gyrorector, 
were studied by Lieutenant Doolittle and were not 
found to be completely satisfactory. The instruments 
were not only heavy and bulky, but the gyros showed 
a tendency to tumble and the indications were not suffi
ciently direct. The problem was taken up with the 
Pioneer. Instrument Company and the Sperry Gyro
scope Company and resulted in the construction by the 
Sperry Company of an instrument which gives a direct 
indication of attitude and appears from its first pre-
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liminary tests to be very satisfactory. This instrument 
is now being redesigned and will soon be placed in 
production. 

( 4) Automatic Pilots 

Instead of maintaining the proper speed and atti
tude of the airplane by flight instruments when flying 
blind, a pilot may in theory at least depend upon the 
action of an automatic pilot. This automatic pilot, in 
addition to controlling the speed and attitude, may even 
hold the airplane at the desired altitude or on the de
sired inclined flight path, as well as on its proper course. 
The use of such an automatic control when coming into 
a field in fog would be especially valuable, because it 
would f rec the pilot from one of his biggest responsibil
ities, that of flying straight and level, and allow him to 
concentrate his attention on other instruments and on 
lines or land marks outside the airplane on the landing 
field. 

The Fund has interviewed a great number of in
ventors and designers of automatic pilots. Without ex
ception, these automatic pilots operate through electric, 
friction, clutch, or hydraulic servo motors. The master 
control of the servo motors is either thru gyroscopes or 
thru liquid or rigid pendulums. Little satisfactory prog
ress seems to have been made in this field since the World 
War. In the phraseology of the pilots, servo motors 
over-control the airplane. The over-control is brought 
about thru the failure of this automatic pilot to reverse 
or even return the controls to neutral until the airplane 
has passed thru the normal attitude. 
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The pilot, in contrast to the automatic control, de
creases the angular velocity of the airplane as it comes 
back into positio~ by reversing controls and finally 
brings the ship to rest with the controls neutral in the 
flying attitude. Since this reversal of control should 
occur early if the angular velocity is high, it appears 
that no satisfactory automatic pilot can be built unless 
it incorporates turn indicators which will displace the 
neutral position of the contacts on the master control by 
an amount proportional to their prccessional forces. 
The only automatic pilot known to the Fund in which 
an attempt has been made to get away from this so
called over-control is that constructed by Captain 
Boykow in Germany. 

(5) Inherent Stability 

Because of the weight and mechanical defects in 
existing automatic pilots, the Fund has so far depended 
upon inherent stability in the airplane for relieving the 
pilot of unnecessary strain in blind flying. Both the 
Fund's airplanes are positively stable about all axes at 
normal speeds. There is, however, considerable im
provement to be made along this line. Ships that arc 
stable with motor off are not always stable with motor 
on, and in many of the airmail planes it has been neces
sary for the pilot to close his throttle and glide in order 
for the ship to right itself due to its own stability. Also 
at low speeds it is difficult to control an airplane that 
is too decidedly stable longitudinally and the plane 
often makes a whip stall which is likely to be fatal if 
occurring near the ground. With a view to improving 
the stability of its fog flying ships, the Fund is now con-
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sidering the use of wings with Handley Page slots. It 
appears from investigations that the Fund has made, 
that the use of slots contributes to the lateral stability of 
an airplane at its minimum flying speed. Stability at low 
speeds is very essential for this sort of work. 

II. DIRECTION FINDING IN FLIGHT 

Assuming that a pilot has either instrument equip
ment which makes steady flight simple and easy or that 
his ship has automatic or inherent stability, the next 
problem connected with blind flying has to do with the 
location of the position of the aircraft at all times. 
When flying between airports, the pilot must know his 
position approximately. When approaching an air
port for a landing, he must kn9w his position exactly. 
For the approximate location of position, fairly satis
factory means have already been developed. These in
clude ( 1) the compass (2) relative speed or position 
indicators ( 3) the radio beacon ( 4) radio bearings. 

Compass 

The use of the compass in blind flying introduces 
a difficulty which is not apparent when the horizon 
line and distant objects can be seen. Because of the 
northerly turning error inherent in all magnetic com
passes, whether they be of the static or dynamic type 
(old magnetic or the earth inductor), blind flying by 
compass without the use of a turn indicator is practi
cally impossible. Also, even tho a turn indicator is 
used in combination, the carrying out of a change of 
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course of a desired number of degrees as might be nec
essary on landing, is very difficult because of either lag 
or periodic oscillations in the compass. Still another 
fault with the magnetic compass in bad weather flying 
is its sensitivity to static and its erratic action under 
certain conditions. 

The Fund's activities in this particular phase of 
blind flying have had to do, first, with the improvement 
of the magnetic compasses with particular reference to 
blind flying, and, second, to the development of a gyro
scopic compass, which will be free from periodic oscil
lations, lag resulting from damping, and "northerly 
turning errors." Careful tests have been carried out on 
the Pioneer and General Electric magnetic compasses, 
and they have seemed of doubtful value for fog flying in 
comparison with the old magnetic type. The Pioneer 
Company and the Sperry Gyroscope Company have 
both been encouraged in the development of a small 
gyroscopic instrument, either developed as a separate 
unit or in the form of a flight indicator combined with 
an artificial horizon and bubble inclinometer. Altho no 
satisfactory gyroscopic compass has been developed to 
date, the Sperry Company has constructed one experi
mental directional gyro which will prove to be a consid
erable aid to the pilot in holding a definite course for a 
short time or making a turn before landing. 

Relative Speed or Position Indicator 

Under usual conditions of low visibility the com
pass alone is not a satisfactory instrument of approxi
mate navigation because of the presence of winds vary
ing from 15 to 20 miles an hour under some fog 
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conditions and up to 60 miles an hour in blizzards. 
Any drift indication to be used in coordination with the 
compass in dead reckoning must depend upon some 
physical phenomenon outside the field of optics. Of 
the various schemes submitted to the Fund, the majority 
neglect entirely the effects of air currents and give the 
pilot the position he would have occupied, had the air 
been at rest with respect to the earth. A few· schemes 
for accomplishing the desired result are based on 
theory which is basically sound, but in all cases these 
schemes are either impractical due to the delicacy of 
the apparatus or await the perfection of some mechan
ical device. These schemes include: 

( 1) A device proposed by Mr. Konheim for utilizing 
beat note produced by two radio stations with the same 
frequency carrier wave. The frequency of this beat note 
would be proportional to velocity relative to the base of the 
radio stations. 

(2) Several different people have suggested the use of 
a gyro for relative speed measurement. By one method a 
neutral gyro holds its position in space, tumbling as the 
earth rotates under it and indicating changes of position on 
the earth as angular deviations of the gyro's axis from the 
apparent vertical, corrected by the angle of rotation of the 
earth. In the second method, a pendulous gyro with axis 
horizontal is allowed to precess due to rotation in space. If 
corrections are made for the earth's rotation, the precessional 
speed gives a measure of speed of translation over the earth 
in one direction. 

( 3) The measurement of velocities over the earth thru 
the integration of accelerations has always appealed to 
theorists, but has never been accomplished in practice. 

( 4) The generation of electric potentials by movement 
of a wire thru the earth's magnetic field gives a possible 
method of measuring speed in the east and west direction. 
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( S) The investigation of a drift indicator using fog
penetrating light for a direct observation on the earth has 
been started as a research problem at the Massachusetts 
Institute of Technology. 

( 6) Drift measurement by means of observations 
(sound or radio) made on a bomb dropped to the surface 
of the earth is possible in cases of emergency. The method 
is being investigated by the U. S. Navy, working in co
operation with the Victor Talking Machine Company. 

Radio Beacon 

The use of compass and drift sight in dead reckon
ing as a means of avigation seems to be giving way to 
the radio beacon supplemented by localizing stations to 
indicate progress along the beam. The details of this 
method of avigation have been so thoroughly worked 
out in this country that a satisfactory method of posi
tion location between fields seems to have been found. 
Pilots operating on the audible radio beacon have 
found that sound indications are unsatisfactory and 
that the eye is a much more sensitive and dependable 
organ than the ear. As a result, earphones are being 
replaced by vibrating reeds to indicate to the pilot his 
position to the right or to the left of the beam. 

The particular· difficulties encountered when navi
gating by means of the radio beacon have been: ( 1) 
proper volume control when approaching a beacon 
station which causes the signal to increase in loudness 
until the set overloads; (2) interference between radio 
beacons and marine beacons when flying near the coast; 
( 3) interference with high powered code stations; ( 4) 
static interference, which is much less troublesome with 
the visual beacon than with the aural beacon. 
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The Fund has at its disposal for fog flying tests, a 
standard Army type audible audio beacon located at 
Mitchel Field. To work in conjunction with this audio 
beacon, the Fund, with the aid of the Bureau of Stan
dards and the Department of Commerce, has constructed 
at Mitchel Field a two kilowatt visual beacon. This vis
ual beacon, which is of a semi-portable type, in order 
that it may be moved to different parts of the field, has 
been built especially with a view to its use in aiding the 
pilot when flying close to the field or when making a 
landing. 

Radio B~arings 

The use of the method of radio bearings for deter
mining the position of an airplane when flying between 
fields is common on many of the European air lines and 
on several of those in the United States and in South 
America. In the most common method, the airplane 
carries both transmitting and receiving sets and requests 
its position at intervals of ten or fifteen minutes. Two or 
more ground stations triangulate on the airplane; one 
station receives the bearing from the other stations, cal
culates position, and radios the position to the plane. The 
information is received at the airplane within a minute 
after the request is made. 

In the other method, which has never come into 
common use, except in Germany, the airplane carries 
directional loop. Since the determination of bearings 
is made on minimum signal strength and since motor 
ignition produces a certain amount of interference, a 
small movable loop is unsatisfactory and a larger fixed 
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loop is built into the structure of the airplane. With 
such an arrangement either a goniometer must be used 
or the whole airplane must be swung out of its course 
to take a bearing. 

One of the greatest difficulties encountered in navi
gation by radio bearings is found in the erratic direc
tional effects under some atmospheric conditions. 
Under adverse conditions, that is at night time, over 
mountainous country and when utwizing a short length 
carrier wave, variations as great as approximately 360° 
have been observed in the direction of propagation of 
an incoming wave. On European lines where this 
method of navigation is depended upon, flights are occa
sionally given up because the ground stations observe 
erratic directional effects (night conditions) and refuse 
to give a bearing or a position that might be in error. 

With long length carrier waves, errors in direction 
seem to come from the reflected wave, and where it is 
possible to separate the ground wave from this reflected 
wave, accurate bearings can be taken. With short length 
carrier waves the direction of propagation of both re
flected and ground waves is uncertain. Since the re
flected wave is not received close to the transmitting 
station and since directional effects decrease in reli
ability with distance of transmission and with the na
ture of the country, it appears that the use of directional 
radio in aerial navigation may be confined to compara
tively small distances, as for example approaching a 
field, and in no cases for distances of over 100 miles. 
In the tropics the use of radio bearings in aircraft over 
long distances is particularly difficult, due to the pres-
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ence of static necessitating the avoidance of the use of 
long wave lengths. 

A modified form of radio bearing apparatus, known 
as the radio compass, has recently made its appearance, 
and promises to be of considerable value not only in 
aerial navigation, but also for surface craft. At least 
three different organizations are active in the develop
ment of the radio compass. 

Eaton Compass 

Prior to the establishment of the Full Flight Lab
oratory, Mr. Eaton, of Los Angeles, California, sub
mitted to the Fund a device which would give a con
tin1:1ous indication of the direction of any broadcasting 
station in operation. As the Fund at the time was un
able to determine the merits of this invention, it was 
referred to the Department of Commerce, which has 
given it careful study. As constructed by Mr. Eaton, 
the device has three small loops mounted in vertical 
planes set at 60° to one another. By means of a double 
set of commutators these loops are successively con
nected through a radio receiving set to an indicating 
instrument. The arrangement is such that the indicat
ing hand pointing along the direction of the resultant 
magnetic flux in the indicator takes up a position par
allel to the direction of propagation of the incoming 
wave. As originally arranged, provision was made for 
automatic tuning, so that by pressing a button the pilot 
could get the bearing on any one of a limited number 
of broadcasting stations. 

This device has a number of apparent advantages 
over other methods of taking radio bearings. With the 
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ordinary method, under unusually bad directional con
ditions, the observation will be correct for a large part 
of the time, the deviation of the wave persisting for 
only comparatively short periods. If a single observa· 
tion is made, it may be in error by a considerable 
amount. If, on the other hand, a continuous indication 
is obtained, short period deviations can be detected, and 
a fairly reliable directional determination obtained. 

The pilot making his own observations will have a 
good idea of its value. A second advantage is that this 
method works upon maximum signal strength and 
makes possible the use of smaller loops and a practical 
installation for aircraft. In actual practice, difficulty 
has been experienced with communication, which 
makes the instrument seem to be directionally non· 
selective. 

A modification of the Eaton compass utilizing only 
two fixed loops has been developed and experimented 
with by the Royal Air Force. Also, at the Bureau of 
Standards, Washington, a modified form of Eaton com· 
pass has been developed in which it is hoped that the 
commutation difficulties have been avoided. 

Fundamentally, the radio bearing method of navi
gation has no disadvantages when compared with the 
radio beacon. In both cases erratic directional indica
tions occur to an extent determined by atmospheric 
conditions, distance from the ground station, and the 
wave length utilized. For practical use in this coun· 
try, the radio beacon has the advantage in having been 
assigned that band of wave lengths which is nearest to 
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the upper practical limit, as determined by penetration 
and by ground station design. Whether the radio bea
con or the radio bearing method is used, the limit to 
the distance of practical application is about one hun
dred miles. This in spite of the fact that under favor
able conditions with high powered sets much greater 
distances have been covered. 

III. POSITION FINDING NEAR FIELDS 
AND ON LAND 

The equipment already developed for long distance 
flying is obviously ineffective when approaching a field. 
Here the pilot must be able to maintain the attitude of 
his plane for steady and straight flight and must know 
his position relative to that part of the field where he 
wants to land. He must also know his altitude above 
the ground. Meteorological data including the direc
tion of the wind velocity may be radioed to the pilot 
as he approaches the field. 

Previous attempts at landing in fog have depended 
either on the use of moored balloons penetrating thru 
the fog layer to show the proper line of approach, or 
they have depended upon electrified cables encircling 
the field along which the pilot might spiral down. The 
first method has not been considered seriously because 
it is applicable only in special cases or at special fields 
where the prevailing fog extends only a short distance 
above the ground. The second method tried extensively 
in England and France required the maneuvering of the 
plane close to the ground. This added greatly to the 
pilot's difficulties, especially since there were then no 
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instruments for indicating the angle of turn or the inclin
ation to the true horizon. 

Preliminary experiments on blind landing con
vinced the Fund of the necessity of having instruments 
which tell the pilot directly the position, attitude, alti
tude and direction of flight, with a very minimum 
amount of translation on the part of the pilot. It has 
also become apparent that the pilot should approach 
the field and make the landing without deviating from 
a straight line of flight. 

Landing Altimeters 

Even if the pilot approaches a landing field along 
an inclined path which is indicated to him by instru
ments in his cockpit, something is needed to tell him his 
exact altitude as he approaches the ground. This indi
cator may be an altimeter which records distances 
above the ground or it may be a mechanical device 
which gives a single warning at a certain altitude. 
However, if these instruments are lacking, it is still 
possible to make a fairly good landing simply by flying 
into the ground with the motor partially on, provided 
the airplane is fitted with a suitable Oleo landing gear. 
Experiments along this line have been conducted with 
the Fund's fog flying airplanes, and satisfactory blind 
landings have been made with velocities of descent up 
to 700 feet per minute. An obvious disadvantage of 
landing with the motor partially on and without the use 
of an exact altimeter is . the increase in landing space 
required. 

Of the various types of altimeters available or under 
deyelopment, the barometric altimeter is the only one 

[ 27] 



that is reasonably satisfactory. A number of sensitive 
altimeters have been tested out and have been found to 
be not entirely satisfactory. The most common fault of 
these instruments is the position error which frequently 
amounts to over 100 feet when the altimeter is tipped 
from the position occupied in a glide to that taken up in 
a three point landing. Another common fault with these 
barometric altimeters is the result of too much inertia in 
the parts or a lack of damping which causes the needle 
to swing over a wide scale range. A third difficulty not 
chargeable to the instrument itself results from fluctua
tions of pressure in the cockpit and changes in pressure 
resulting from changes in attitude of flight and changes 
in throttle setting. Presumably this last difficulty can 
be avoided by connecting the inside of the altimeter 
case to a static tube mounted on the wing. 

The non-instrumental error inherent in every alti
tude measurement by barometer resulting from changes 
in barometric pressure complicates the problem of 
landing, but does not furnish an insurmountable diffi
culty. While pressure changes corresponding to differ
ences in altitude o~ 7 5 feet occasionally occur within a 
space of time of two or three minutes, the pilot may be 
kept informed of these changes by radio and may set 
the ground level position indicator of his instrument 
just before the landing is made: 

In landing tests, the Fund is now using a superior 
type of landing altimeter developed by the Kollsman 
Instrument Company, with which altitudes can be de
termined with errors of less than 10 feet. 
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The Fund has familiarized itself with develop
ments in altitude instruments based upon principles 
other than barometric pressure and in certain instances 
is contributing to developments along these lines. In 
the field of radio altimeters, three different principles 
have been considered. The first, developed by Dr. 
Alexanderson, of the General Electric Company, in
dicates position between nodes produced by transmitted 
and reflected radio waves. This instrument requires a 
counter or memory indicator, as it is called, to indicate 
the particular nodal space within which the direct in
dication is obtained. At the present time, the Alex
anderson altimeter is more of a laboratory instrument 
than a practical flight instrument. 

A second radio altimeter, suggested by Mr. Frank 
Rieber, is based on the interference of a transmitted 
and reflected wave but his instrument differs from Dr. 
Alexanderson's in that two carrier waves of different 
frequencies are utilized, the interference being between 
the reflected wave of one f rcquency and the transmitted 
wave of. another. Mr. Rieber's development has been 
primarily in connection with the location of oil or 
metal ore deposits underneath the earth's surface and 
so far no attempt has been made to apply it to aero
nautics. 

From a theoretical point of view, the most interest
ing of all the proposals is that made by Mr. W. L. 
Everitt of the Ohio State University. In Mr. Everitt's 
altimeter the frequency of the carrier wave is varied by 
the rotation of an air condenser. For a certain rate of 
frequency change, the beat note set up by the trans-
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mitted and reflected waves has a pitch which is a tiirect 
function of the altitude. Only a single loop is used for 
transmission and for receiving the reflected wave. At 
compared with other radio altimeters, Mr. Everitt's 
instrument is simpler and has the advantage of indicat
ing altitude directly instead of altitudes within a nodal 
distance. 

Just what the value of the radio altimeter will be in 
fog flying is very difficult to say since any delicate radio 
equipment works under decided difficulty when in
stalled in an airplane with the accompanying noise, vi
bration and interference from the ignition. Also, in
sufficient practical tests have been made to demonstrate 
how such instruments will operate when flying over 
rough or wooded country, or over cities with tall build
ings. Any development of this sort will require a long 
period of experimentation and testing before it can be 
depended upon for landing in fog. However, the in
herent advantages of any instrument which indicates 
absolute altitude and is independent of barometric 
changes on the ground are sufficient to warrant consid
erable attention. The Fund has made a grant to Ohio 
State University for the development of the Everitt 
instrument. 

Acoustic Altimeters 

The measurement of altitude by acoustic means has 
appealed to a great many people because it is based on 
simple phenomena productive of a fool-proof instru
ment and because of the success already obtained with 
sonic-sounding instruments at sea. To our knowledge, 
five different organizations are working on this prob-
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lem, three with financial assistance furnished by the 
Fund. 

The Submarine Signal Company in Boston, because 
of its previous development work on the marine depth 
indicator, has seemed especially fitted to carry on this 
work. The Company reports that while it has had a 
man constantly employed, the problem is much more 
difficult than the corresponding problem of ocean
sounding, and it cannot promise any immediate results. 

Mr. Dclsasso, of the University of California, has 
been working on this same problem, but to date his 
efforts have been directed toward the construction of an 
instrument that would analyze sound spectrum emitted 
by an aircraft engine, in order to determine the proper 
pitch in the operation of the sonic altimeter. In Hol
land similar work is being carried on by Mr. Kaupa at 
the University of Delft. Mr. Kaupa has so far con
fined his efforts to the problem of the detection of weak 
signals in the presence of airplane motor noises. The 
Fund is furnishing financial assistance for both these 
projects. 

As the result of pioneer work carried on by the 
Sperry Company, it has been determined that the best 
part of the noise spectrum in which to operate is from 
900 to 1000 cycles. In the work being carried on under 
Dr. Sperry's direction and in cooperation with the 
Fund and with the Plane Speaker Corporation, equip
ment for generating and detecting sounds of about 950 
kilocycles has been experimented with. The indications 
are that an altimeter employing this equipment would 
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function up to altitudes of 200 feet, when the airplane 
motor was throttled. The only other development 
which has been productive of a satisfactory instrument 
is that of Mr. Behm, of the Zeppelin Works. This in
strument has been used successfully on a Zeppelin to 
measure distances up to 1500 feet over water and 800 
feet over land with errors not exceeding 2 Yi ·per cent. 
The instrument which utilizes the explosion of a car
tridge for producing the initial noise is said to work 
satisfactorily only when the motors are shut off. 

Bomb Altimeter 

In cases of emergency, it may be possible to utilize 
an instrument which combines radio and acoustic phe
nomena for a direct indication of altitude. If a bomb 
dropped from the airplane gave out on exploding both 
a radio and a sound disturbance, the lag of the sound 
wave would indicate the height of the observer. 

Infra-Red Altimeter 

Altimeters operating on the reflection of infra-red 
light have been suggested, but as in the case of other 
optical instruments for fog flying, their development is 
held up pending more information on infra-red fog 
penetration. 

Gyroscopic Turn Indicator 

A preliminary flight made by Lt. Doolittle with a 
hood drawn over his cockpit so as to exclude light from 
the outside has demonstrated the. necessity of having 
some instrument for showing the pilot the angle 
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through which he turns. When going from one beacon 
beam to the other or when executing any turn just be
fore landing, the present instruments are nearly value
less. Due to the presence of northerly turning error, 
lag from damping, and periodicity, it is practically im
possible for a pilot to execute a turn of any desired 
number of degrees by compass .. After such a turn, the 
plane must be fl.own for some distance before the new 
course is known. The instrument which is needed is 
one that has a neutral gyro with a graduated card car
ried on the gimbals. The gyro need be only sufficiently 
large to hold its position in space for a few seconds 
while the turn is being made. At all other times the 
gyro would be locked. An experimental instrument of 
this sort has already been constructed by the Sperry 
Gyroscope Company and tested by the Fund. Its first 
test indicates that it will materially simplify fog 
landing. 

Mechanical Landing Devices 

During the World War, experiments were carried 
on with mechanical devices for warning the pilot of 
his proximity to the landing surface. At this time, de
velopment had to do primarily with the landing of 
seaplanes on glassy water where there were no details 
to enable the pilot to judge his altitude. More recently 
experiments of this sort have been carried out in Eng
land for the purpose of perfecting a device which 
would either automatically pull up the nose of the air
plane into the landing position when close to the 
ground or would indicate to the pilot the time at which 
this should be done. In this connection, a number of 
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pilots have expressed disapproval of any attempt to 
change suddenly the attitude or flight path of the plane 
just before landing. In order to determine the merits 
of this kind of altitude indicators, the Fund is con
structing a device in which a light is flashed in the 
cockpit and a low range statoscope put into action when 
a suspended weight comes in contact with the ground. 

The use of a radio beam or a radio sheet for guiding 
a pilot down into a landing field seems to offer one of 
the most attractive solutions for the fog landing prob
lem. Physically, the method is similar to that in which 
a line of approach is determined by moored balloons, 
except that the radio method is not limited to the con
dition of shallow fog. Also, there is less uncertainty 
with the radio method since the pilot can follow an in
dicated line to the point of contact with the ground, and 
does not need to run the risk of deviating from a line of 
approach indicated by objects already flown past. Pro
vided that localizing beacons indicate distances from 
the point of contact with the ground, no landing alti
meters are required, since the altitude of the beams 
is determined by position along it. There seems to be 
some hope even of doing away with the use of localiz
ing beacons, and determining position along the beam 
and altitude above the ground from the field intensity 
of the .beam itself, since in the vicinity of a transmitting 
station, the intensity falls off with distance in a fairly 
definite manner, regardless of atmospheric conditions. 

If the radio beam or sheet is produced with sharp 
boundaries, it must of necessity be built up of short 
wave lengths. This is partly because a directional an-
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tenna must have dimensions of the same order of mag
nitude as the electro magnetic waves that it radiates. 
While experiments with directional beams of short 
wave lengths are being conducted at the Green Radio 
Station, at Round Hill, by Mr. Kolster of Palo Alto, 
California, by the Bureau of Standards, and others, con
siderable difficulty has been experienced with reflections 
from surrounding objects, and more fundamental work 
must be done before practical application can be made. 

A more promising development of guiding planes 
or sheets, by means of radio, is the use of long wave 
radiation to produce zones of equal intensity audio fre
quency signals. This means only the utilization, when 
flying over the landing field, of equipment already de
veloped for flying between fields. Altho the neutral 
zone beacon has been used only to guide airplanes in 
a horizontal plane, there is no reason why it cannot be 
used as well to guide them in elevation when coming 
into a field. For this purpose, the erratic effects pro
duced by interference of ground and reflected waves 
are not troublesome since the magnitude of a reflected 
wave is not appreciable when close to the transmitting 
station. 

Aside from use of neutral zone radio beacons and 
radio beams, a great many suggestions for the use of 
radio in landing have been presented to the Fund. 
Representatives of the Radio Corporation have sug
gested the possibility of producing a funnel shaped 
field of electro magnetic energy radiating from an apex 
in the center of the flying field. The conical surface 
would be sufficiently flat so that the natural glide of 
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the airplane would be along an element. Just how this 
conical surface of energy would be formed or how the 
pilot would be directed toward the apex was not dis
closed. 

Still another idea was proposed by Mr. Rudy 
Mandi of N cw York City. Mr. Mandi suggests the use 
of a short wave directional beam which oscillates thru 
an angle of about 30 degrees. The speed of . rotation 
of the beacon varies with its angular position so that 
the length of signal received indicates the angular posi
tion in the field swept by the beam. If two beacons on 
different sides of the field are used, the two signals re
ceived will furnish coordinates of the position of the 
airplane over the field. No special effort has been made 
to encourage the development of this particular idea 
because it is thought that it should await more funda
mental studies of short wave beam production. 

Since it is desirable to have as much of the special 
equipment as possible located on the ground, a more 
practical location indicator might be constructed in 
which radio bearings were taken automatically at two 
stations on the ground and the position indicator in the 
airplane operated thru radio from the ground. Or, as 
Lieutenant Doolittle has suggested, the field and sur
rounding territory might be spotted with radio listen
ing posts which would indicate to the pilot the passage 
of his plane over any particular one of them. 

Use of Electro Magnetic Waves 0th.er Than Radio 

Because of the necessity of getting direct indications 
while landing, in order that the pilot will make correc-
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tive movements of the controls with the least effort and 
in the most natural manner, the ideal blind flying equip
ment is one which will enable the pilot to see thru the 
fog by some indirect means. This problem comes down 
to finding radiations which will penetrate fog and 
which may be transformed into visual light to make a 
picture in front of the pilot, with objects ahead appear
ing to the pilot just as they would if he were looking at 
them directly. 

The use of radiations in the visual spectrum is out 
of the question. While light toward the red end of the 
spectrum is known to penetrate haze better than violet 
light, there is no appreciable difference when normal 
fog is considered. This has been conclusively proved 
by photographic means, it being possible to do long 
range photography only thru haze and smoke when the 
particles suspended in the atmosphere are small as com
pared with the wave length of the light employed. 

This is discussed at greater length under the head
ing, Fog Penetration. 

Electrified Cables 

Because of the comparative simplicity of detecting 
m·agnetic fields, a great deal of attention has been given 
to the use of electrified cables for indicating flight paths 
over the ground. The "Leader Cable" developed for 
guiding surface craft in harbors has been tested in con
nection with aircraft pilotage by Loth, in France, and 
by the Royal Air Force in England and by the Air 
Corps at Wright Field, Dayton, Ohio. In France, 
where attempts have been made to follow a straight 

[ 37] 



electrified cable, a great deal of difficulty has been en
countered because the equipment used in the airplane 
has not given the pilot a direct indication of his posi
tion. This equipment, somewhat similar to that used 
for the same purpose on surface craft, has required a 
number of observations, properly interpreted, before 
the information could be of value to the pilot. In Eng
land the electrified cable has been placed in a circular 
path around the airport, and the pilot in foll<?wing the 
cable locates the position of the landing field by flying 
around it. As has already been pointed out, any guide 
to landing which requires turning or circling before 
coming into the field complicates the problem and 
should be avoided. 

In this country, Lieutenant Wolf has suggested the 
use of two cables either converging to guide the pilot 
into the field or running parallel to one another. An 
installation of the latter sort has been made at Wright 
Field in which the two parallel cables are electrified by 
alternating currents of different frequencies. Lt Wolf, 
who is carrying on the investigation, reports that he has 
been able to follow these cables when flying at altitudes 
up to 2,000 feet, altho with his present equipment he 
has had some difficulty in knowing whether he was to 
the right or to the left of the vertical plane between 
them. From a theoretical point of view, it should be 
possible to follow a system of cables in a manner simi
lar to that used in following a radio beacon, and it 
should be possible for the pilot to know, not only his 
position to the right and to the left, but also his height 
above the cables. An objection to electrified cables, fre
quently cited, is that too much electrical energy is re-

[ 381 



quired to set up a magnetic field. This has been ans
wered by Dr. Bush who says that with the usual system 
the return current flowing back in the ground around 
the cable sets up a neutralizing field and reduces the 
efficiency of the cable. Dr. Bush recommends the use 
of a straight cable which forms one side of a closed 
loop. Whether a leader cable or some other system is 
used to lead the pilot into the field, some marking sys
tem will be needed to indicate progress along the line 
of approach. 

Sound Beacons 

The sound beacon would be of even greater sim
plicity than the electrified cable if it could be developed 
for use with aircraft. From our present knowledge it 
seems doubtful if sound beacons will ever be used ex
cept to mark certain positions, or as emergency equip
ment that might be called into play in case of the fail
ure of other methods. This is because detection of 
sounds in aircraft is handicapped due to motor and 
propeller noises which cover rather completely the 
audible sound spectrum and because the penetratioh of 
supersonic frequencies in air is very poor. 

In spite of the apparent handicaps to the use of 
sound beacons, several individuals and organizations 
are working on developments on this line. Represen
tatives of the Fund have had several conferences with 
the personnel of the Victor Talking Machine Com
pany. As a result that company is now studying the 
production of sound sheets which might be used to 
mark the boundaries of a field, or to mark an inclined 
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plane of approach into the field. Also similar investi
gations are being carried on by Mr. Buckley of the 
Bureau of Standards, and Mr. Nesbit of the Fairchild 
Aviation Company, in Washington, D. C. 

Altho sound means may be used for locating the 
position of the airplane relative to the ground, and the 
position radioed back to the plane, it is doubtful if satis
factory results would be obtained. There are reports 
of sound means having been used to guide German 
ships thru fog during the war period in which very 
erratic directional effects were noted. Apparently the 
difficulties encountered resulted from failure of sound 
waves to travel in straight lines thru the fog. Also in 
addition to the refraction of sound waves, the relative 
speed between the sound detector and the atmosphere 
in which the waves are transmitted would cause an 
error in the direction indicated. 

IV. FOG PENETRATION 

There is little hope at present of finding any visual 
light which will p·enetrate a thick fog. A light source 
surrounded by fog may increase the illumination at 
points where the direction of the light source cannot 
be determined. If the light source is modulated, the 
presence of this particular light may be picked up by 
delicate instruments on the airplane. In this way, the 
approximate position of an airplane over the ground 
might be determined when the direction of the light 
could not be found. Air mail pilots, very familiar with 
their route, when flying at night and in snow storms, 
have known their position from the extent and color of 
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the glow which they could see beneath them. As op
posed to this evidence, there are experiences of pilots 
who have attempted to land at airports in heavy fog 
and who have found that altho they were sufficiently 
near to the airport to have their motor clearly heard on 
the ground, they could not sec any light coming from 
the flood lights below them. It seems probable that 
lights can be depended upon only for showing the prox
imity to objects as by the use of flush lights on the 
ground to show the height of the landing surface. 

As to the best color of light to be employed, there 
is little choice from the point of view of penetration. 
Red or neon lights have the advantage of being easy 
to pick up in contrast with lights of other colon. 

Tlie AnJerson ln"estigation 

Since the problem of fog penetration by electro 
magnetic waves is of fundamental importance and since 
judgment of the merits of all schemes for seeing thru 
the fog depend on fog penetration of the light em
ployed, the quantitative measurement of penetration 
of wave lengths not only in the visual spectrum but also 
in the infra-red and ultra violet has been undertaken. 
Dr. Anderson, of Washington University, Seattle, has 
been retained by the Fund to work on this problem 
at Wright Field, Dayton, Ohio. During the summer 
months, Dr. Barnes of Bryn Mawr College has assisted 
Dr. Anderson. Both Dr. Anderson and Dr. Barnes 
have worked in this field of physics and arc admirably 
suited to carry on the work. Up to the present time, 
Dr. Anderson's efforts have been directed toward the 
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construction of equipment for generating and main
taining fogs of standard density and toward the collec
tion of equipment for making quantitative measure
ments. A few preliminary tests already carried out 
indicate that there is very little difference between the 
penetration qualities of different wave lengths within 
the visual spectrum when a really dense fog is con
cerned. 

The next step in this activity will be a study of the 
infra-red and heat spectrum involving as far as is pos
sible all radiations between visual light and short wave 
radio. A study that has already been made by Dr. 
Barnes seems to indicate that the penetration of infra
red light is selective and that so long as a fog of uni
form size particles is concerned, very large variations 
in penetration are found for comparatively small 
changes in wave lengths. Whether or not fogs encoun
tered in flying have particles of sufficiently unifonn 
size to permit the use of selective penetrati9n is yet 
to be studied. 

Because of the importance of this fundamental 
problem, it is also being studied by Dr. Stratt9n at the 
Massachusetts Institute of Technology under the spon
sorship of Colonel Green. Dr. Stratton is of the opin
ion that in order to get really satisfactory fog penetra
tion, it will be necessary to go to wave lengths of about 
one-third of a centimeter. In this range of the spec
trum, there are no satisfactory means for either gener
ating or detecting the radiation. The shortest radio 
waves that have been experimented with, have a length 
of about. 12 centimeters. If Dr. Stratton's assumptions 
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are substantiated by the experiments which he is carry
ing on, it will be necessary to develop entirely new 
methods of handling the radiations most desirable to 
use. 

In each case in which inventions for seeing thru 
fog have been submitted to the Fund, the inventor has 
been advised to await the results of Dr. Anderson's in
vestigation before proceeding with the development 
of his invention. ~n this group of inventions are two 
of particular interest. The first, submitted by Mr. Rudy 
Mandi, utilizes an objective lens which concentrates 
on a receiving apparatus infra-red radiations received 
from objects on the ground. The infra-red image so 
formed behind the lens is transformed into an image 
which can be seen by the pilot by television methods. 
By the use of proper amplifiers in the circuit, Mr. 
Mandi believes that bright images may be obtained 
and that his apparatus may be used not only for fog 
flying, but also to enable the pilot to see at night when 
it is too dark for direct vision. Aside from uncertainties 
resulting from our present lack of knowledge of light 
fog penetration, Mr. Mandi's invention appears to 
have a decided disadvantage because of the weight and 
bulk of the equipment necessary. 

A second invention, this time by Mr. E. M. Tor
kelson of Elizabeth, N. J ., is based on the assumed fog 
penetration of infra-red light but unlike Mr. Mandi's 
invention, the infra-red image is produced directly on a 
screen in front of the pilot, or in a camera equipped with 
special mechanism for rapid production of photographs. 
The screen on which the radiations are concentrated is 
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coated with a sulphate of one of the metals, zinc, cad
mium, barium or strontium. These materials become 
florescent under the action of ultra violet light and the 
florescence diminishes if infra-red light is combined 
with the ultra violet In this way, it is possible to form a 
visual image from an invisible infra-red image on a 
screen excited by ultra violet light. Again the inventor 
has not been encouraged financially to develop his device 
because of the uncertainty of infra-red fog penetration. 

V. FOG REMOVAL 

An entirely different way of attacking the problem 
of fog landing is through the removal of fog in the 
vicinities of airports. There are four possible ways of 
accomplishing this: 

( 1) By heating the atmosphere to a temperature 
above the dew point. 

(2) By penetrating the fog with charged particles 
which will attract the moisture particles and form the 
nuclei of raindrops which will then precipitate out. 

(3) By spraying the fog with some hygroscopic 
material which will act as a drying agent and encourage 
condensation. 

( 4) By mechanical means. 

The use of heat for dissipating fog has been tried 
only on a small scale and it is impossible to predict the 
success of operations conducted on a sufficiently large 
scale to clear a complete airport. Calculations that 
have been made appear to indicate that an enormous 
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amount of heat would be required. This is especially 
true since the heated air would rise with a chimney 
effect, and new fog would be continually drawn in on 
the ground. In addition to the effect of the rising cur
rent of heated air, any wind which sweeps the field 
will increase the rate at which fog must be dissipated. 

Some experiments with a heating apparatus have 
already been carried on by Mr. Reader, of Cleveland, 
using a blower and oil burner originally installed in 
a quarry for drying sand. Mr. Reader and also other 
competent and unprejudiced observers have noticed a 
clearing of the fog on those f cw occasions when the 
burner happened to be operated when there was fog 
in the quarry. In order to get a more satisfactory test, 
Mr. Reader moved his equipment to the lake front 
near a power station where a row of electric lights gave 
an especially good opportunity for observing the fog 
clearing effect. Although this installation was made 
nearly a year ago, and remained there until quite re
cently, Mr. Reader informed the Fund that there has 
not been a single day when there was sufficient fog to 
carry out the experiment. Having been convinced that 
the equipment must be moved to a more fog-infested 
region, Mr. Reader asked the Fund to cooperate with 
him in the transfer of his equipment and the continua
tion of his tests at Mitchel Field. This setup is now 
completed. Only one test has been made with a low 
ground fog, but the results were unsuccessful. 

Electrical Method 

Next to the use of heat for fog dissipation, the col
lection of the moisture particles on electrically charged 



nuclei holds possibilities. It is known that the drops of 
rain in a thundentonn carry charges, a phenomenon 
that is explained through the attraction of elec
trically charged particles. A theoretical study indicates 
only that the potential to which the nuclei must be 
charged is comparatively high. Actual experiments 
have been carried out by two entirely different means. 
Dr. Warren, of Hartford, Conn., has dropped charged 
sand down through a cloud from an airplane above. 
Without question he has been able to disperse small 
clouds, although just how much has been contributed 
to this effect by the turbulence produced by the air
plane is not known. 

Ii. method employed by Mr. Flowers has used 
charged water particles in place of the charged sand. 
The water particles have been produced by blowing 
water vapor from the bottom of a steam boiler, and they 
have been charged by passing through a high potential 
grid in front of the discharge nozzle. Mr. Flowers has 
proved the success of his method when confined to 
small scale operations. 

Hygroscopic and Mechanical Methods 

Two other methods of fog dissipation have been 
suggested, but are not considered to be worthy of much 
attention. The first, which has to do with the churning 
up of the air by propellers or by a huge jet or up
current of air, has been suggested by observers who 
have noticed a breaking up of the clouds when air
planes flew through them or have seen a cl~aring of 
the fog on the lee side of a building. The other method, 
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utilizing some hygroscopic material as a drying agent, 
has progressed somewhat beyond the theory stage and 
has even been experimented with sufficiently to point 
to its impracticability. 

Because of the number of factors involved, it is im
possible to predict the value of any of these methods 
from the comparatively small scale tests already made. 
Thicknesses of the fog, wind velocities, and wind grad
ients will impose varying sets of conditions so that only 
full size operations will show the success or failure of 
these methods. Also at the present time there is un
certainty as to the size of the clearing that has to be 
made: whether the pilot will need to have the whole 
field clear, or only a hole in the fog through which he 
can get a glimpse of the landing field 

Prevention of Fog 

Meteorological studies in which the Fund has been 
keenly interested have indicated the possibility of de
creasing the frequency or the density of fog over inland 
cities. It has been found that fogs form most easily in 
the presence of hygroscopic materials in the air and 
that if these hygroscopic materials, frequently prod
ucts of combustion, can be removed, the fog menace 
will be greatly reduced. This possibility of fog preven
tion would be limited in application to cities or manu
facturing districts and could not be applied to the coast
line where sea fogs are prevalent. 

Ice Prevention 

With the solution of the fog flying difficulty, there 
will still remain dangers of forced landings due to 
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formation of ice on the wings or other parts of the air
plane. The most obvious way of preventing forced 
landings of this sort is for the pilot to keep away from 
those places in the atmosphere where ice can collect. 
It is known that ice builds up at temperatures between 
20 degrees and 32 degrees fahrenheit. There is no 
record of ice having formed with the air temperature 
much above 32 degrees fahrenheit. The greatest dan
ger is when there is an inversion of temperature so that 
water particles fall rapidly into a cooler air strata 
and strike surf aces several degrees below the freezing 
point. On one flight from N cw York to Buffalo, thru 
a sleet storm, Lt. Doolittle noticed that ice formed back 
of t~e motor, but nowhere else. At other times he has 
flown through rain which gradually changed to sleet, 
but without any formation of ice on the airplane. In 
order to warn the pilot of dangerous conditions, at 
least one instrument company is now producing an ice
warning indicator, which is only a distant reading 
thermometer with its bulb mounted out in the air 
stream. It has been suggested that a humidity indi
cator be combined with a thermometer to give a more 
definite warning of the possibility of ice formation. The 
National Advisory Committee for Aeronautics con
ducted extensive tests with ice formation on aircraft, 
both in the laboratory and in the air; the results of this 
experimental work were published in a bulletin by that 
organization. 

As pilots have occasionally encountered conditions 
so U!1usual as to make it impossible to predict the dan
ger or to escape before ice had formed, there is some 
reason to believe that more positive methods of ice 
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prevention may be needed. ·The use of heat in the wings 
is a solution that naturally suggests itself and one for 
which a great many patents have been allowed. These 
patents have to do with the use of exhaust gas either 
taken directly from the motor or cooled anq diluted 
with air, and then passed through the wing. The man
ner in which the heat is transferred from the exhaust 
to the wing varies considerably in the different inven
tions. In one, it is ejected at several points in the inte
rior of the wing. In another, it follows a manifold sys
tem along the front of the wing and is exhausted along 
the leading edge. Whether or not devices of this sort 
will come into common use will depend upon the fol
lowing factors: ( 1) weight of the device; (2) danger 
of fire or explosion; ( 3) proper heat control with tem
peratures that will melt ice but will not damage struc
tural members or coverings; ( 4) proper heat distribu
tion in order that there may not be a tendency to melt 
snow and sleet at one point and allow it to freeze at 
another. To be entirely satisfactory, the device must 
prevent formation of ice not only on the wings, but on 
all exposed parts of the airplane. 

With a view to determination of the merits of heat
ing devices for fog prevention, the Fund is cooperating 
with Mr. John P. Kilgore, of New Haven, Conn. Mr. 
Kilgore is constructing a surf ace heater which can be 
wrapped around a part of an airplane wing without 
changing the wing section appreciably. Mr. Kilgore's 
experimental heating element receives its energy from 
the engine generator. While not necessarily demon
strating the value of the electrical method, this experi-

[ 49] 



ment will show the effect of heating a surf ace of a wing 
to prevent ice collection. 

VI. COLLISION 

If all other problems connected with blind flying 
in fogs or blizzards are solved, there will still remain 
the danger of collision in the air. This danger will in
crease with the growing use of commercial .aeronau
tics, more particularly with the popularity of privately 
owned airplanes flying not on regular schedule and not 
in communication with a ground base. As the use of 
aircraft increases, new regulations may have to be for
mulated and certain altitudes assigned to flights in vari
ous directions. 

There will still be danger of collision due to dif
ferences in speed of different planes and due to the 
necessity of going between the ground and ~e proper 
altitude of flight. It is difficult to picture any apparatus 
adaptable to aircraft which will continually inform the 
pilot not only of the proximity of other aircraft, but 
also of the bearing and change in bearing of them. 
Perhaps experiments now being conducted with a view 
to decreasing the danger of collision of surf ace craft 
may contribute to the solution of the corresponding 
problem with aircraft. These experiments being car
ried on by the Submarine Signal Company and other 
organizations take advantage of the difference in velo
city between sound and radio waves, the ship sending 
out not only a sound warning, but also a simultaneous 
radio signal so that any nearby .craft is informed of its 
distance by the lag of the sound wave . 
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Blind Flying Te.sis 

In the recent tests carried on at Mitchel Field, Lt. 
Doolittle conclusively demonstrated the practicability 
of flying blind from one airport to another, provided 
that the airports are properly prepared and the airplane 
is equipped with the necessary instruments. In these 
tests ideal equipment \Vas not used, but only material 
that could be procured quickly and used efficiently. 

The takeoff was accomplished with regular flight 
instruments supplemented by an artificial horizon and 
a small gyroscopic compass. After taking off, Lt. Doo
little flew around the field until he picked up the beam 
of the radio landing beacon. He flew back to the field 
on this beam, received an indication as he passed over 
the beacon house at an altitude of about 100 feet, and 
glided in for a la~ding. The landing itself was facili
tated by the same flight instruments used in taking off 
and in addition by a very accurate barometric altime
ter. Just prior to landing, the height of the ground on 
the altimetric scale was communicated to Doolittle by 
radio phone. 

Du ring these tests the safety of Lt. Doolittle was 
insured by the presence of Lt. Kelsey acting as safety 
pilot in the forward cockpit of the plane. 

In amplifying these tests flights will be made into 
Mitchel Field from a considerable distance, utilizing 
not only the low powered landing beacon, but in addi
tion a standard air corps aural beacon located at Mitchel 
Field. In carrying out this project the airplane will ap
proach Mitchel Field, flying on the aural beacon. At a 
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short distance from the field the two beams will inter
sect, and in the lull between signals of the aural beacon, 
the pilot will pick up the visual beacon and will turn 
down the beam of the latter to execute a landing on the 
field. The point of intersection of the two beacons will 
be so adjusted as to make possible a landing in the center 
of the field when starting the glide at the intersection of 
the beam and at a predetermined altitude. 

As a further guide to the pilot, it is expected to util
ize a signal strength distance indicator, previously men
tioned, to give distances from the low powered beacon. 
Also there are being installed at l\1itchel Field localiz
ing beacons to indicate to the pilot his passage over the 
boundaries of the field and along the beacon beam. 

As soon as these tests have been completed, it is in
tended to rotate the loops in the low po\vered beacon 
through 90 degrees and utilize the horizontal neutral 
plane produced by the beacon to give the inclination 
of the proper flight path into the field. Preliminary 
experiments along this line carried on at College Park, 
by the Radio Section, Bureau of Standards, indicate 
that it will be possible to mark out the proper line of 
approach to the field as the intersection of horizontal 
and vertical neutral planes. If this development should 
show signs of promise, it will necessitate locating the 
beacon loops in the center of the field and below its 
surface. 

In these tests no attempt has been made to seek the 
ultimate solution of blind flying, but rather a quick and 
simple way of demonstrating the possibility of its 
accomplishment. 
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