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METEODS FOR FACILITATING THE BLIND LANDING OF AIRPLANES*

By M. Heinrich Gloeckner

Since the introduction of blind flying, the accomplish-
ment of blind landing on prepared fields has become one of
the most pressing problems, and many attempts are being
made to solve it., The methods employed, in so far as they
have been published, are summarized in the present report.

I, THE DETAILS OF BLIND LANDING

The economy of air traffic depends largely on its reg-
ularity and reliability. Regularity necessitates blind
flying. Special arrangements are necessary, however, to
insure the safety of the airplane and its occupants. These
measures concern "“inside" navigation, i.e., the instru-
mental control of the course, and "outside" navigation,
i.e,, the determination of two or more bearings of the
airplane. Although reliable aerial-~navigation methods and
excellent ground organization now enable the trained pi-
lot to reach his destination, there are still many diffi-
culties in making a blind landing. The shrouding of the
fiold in fog has hitherto meant the omission or change of
destination of the proposed flight., No traffic enterprise
can yield with impunity to such dependence on the weather,

That blind landing is not impossible, has been demon-
strated on several occasions when airplanes, caught in un-
expectcd bad weather, have landed without harm on fog-
envelopod fields with the standard blind-flying equipment
and radio direction-finding apparatus. It has also been
demonstrated by the frequently mentioned flights of the
American, Mr. Doolittle. (References 1 and 2,) In all
these cases, however, the successful outcome must be at-
tributed more to the exceptional skill of the pilots and
to the excellent cooperation bDetween them and *he ground
| versonnel, than to the adequacy of the auxiliary equipment
and methods,

*IVerfahren gzur Erleichterung von Blindlandungen.!" Z.F.M,,
! June 24, 1932, pp., 347-35E,
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Even in clear weather the landing is the most diffi-
cult part of a flight., An accurate knowledge of the air-
plane's characteristics and of the wind conditions is nec-
essary, in order to land in. the desired manner, While, in
clear weather, the controls are operated according to im-
pressions received from direct observation of the ground,
in foggy weather the requisite information must be obtained
from auxiliary apparatus, In so far as possidble, devices
~are.enployed to improve the visibility and enable the pi-
lot’ to see through the fog, Such "fog glasses" cannot be
realized, however, in the present state of science. Like-
wise, according to recent data, 1t is hardly feasible to
adopt the proposals of R, Mandl and E. M. Torkelson (ref-
erence 1), to cast real images on a screen by means of
infra-red rays. (References 3 and 4,.,) Hence, blind land-
ings on unprebared flelds st111 remaln entlrely problemat-
ical,

. . Since the use of known methods for increasing the

visual range in blind landings on prepared fields offer .
little prospect of an early satisfactory solution, the

method  has been generally adopted of dividing the whole

complex problem into its principal. component problems, in £
order to formulatée technical hypotheses, In this attempt-

ed solution, the methods of high—frequency electrical en-

gineering occupy a promiment place,. while the exchange: of"

radiio communications also plays an 1mportant ‘role. The
determination of the ground wind, of the barometric-alti-

tude correction, of the order of landing and the mutual

reports of the courses and altitudes of airplanes in the

vicinity are among the essentials of blind flying and are

inportant helps in making blind landings safely.

As in.blind flying, go also in blind landing, a thor-
oubh knowledge of "inside" navigation is assumed. The pi-
lot must always know whether the airplane is in a climbing
or diving attitude, whether it is in a sideslip or bank.
As regards "outside!" navigation, blind landing requires
considerably more accurate bearing checks, whereby the al-
titude ordlnate is especially important.,

The fixed reference point for the ‘spatial coordinate
system is the spot where the airplane is intended to land,
The. problen is therefore, within the possible limits of
flight, to follow a spatial curve, to which the horizontal
plane in tho coordinate origin is tang eﬂt In practico,
_accordlng to the size..of the field, more .or less deviation
of the actual from the intended landing p01nt is pcrm1381~
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ble, Hence there is an abundance of spatial curves for
the landing, which leaves the pilot considerable leeway
in the final landing,

The previously known methods for facilitating blind
landing require certain restrictions, however, in so far
as they prescribe definite landing limits, whereby it is
left to the skill of the pilot ‘to keep within the pre-
scribed limits with the aid of the steering controls and
the regulation of the revolution speed of the cungino.

The particular problems of blind landing consist in
finding the airport and in getting one's bearings at close
quarters, The latter requires both horizontal and ver-
tical navigation, Horizontal navigation involves the de-
termination of the direction of landing and the bounda-
ries of the landing field, while vertical navigation in-
volves the determination of the altitude and the freedom
of the gliding path from obstacles., It is important for
the corresponding instruments and methods to furaish re-
liable data and especially for the instruments used on
board to be light and of small dimensions and to require
the least possible attention.

II, FINDING THE AIRPORT (LONG-RANGE BEARINGS)

Blind landing includes tae blind finding of the air-
port. This problem has boen satisfactorily solved Dby nu-
merous radio direction~finding methods, which will not De
described here in detail. (References 5 and 6,) In Eu-
rope the determination of the radio bearings from ground
stations is preferred, while a mixed method predominates
in the United States.

The former method employs stationary direction-find-
ing apparatus, which can determine the direction of the
radio waves emitted by a moving aircraft. It is especial-
ly advantageous for the apparatus to be located on the
airport which the craft is seeking, After establishing
radio communication, the aircraft sends bearing signals.
The receiving station -then usually radioes the aircraft
the result in the form of its deviation from the correct
course. The bearings can be repecated as often as desired
and thus constitute a checlr ou the correctness of the
course., The direction~findiang ability of the airplane is
retained till it rcaches the vicinity of the ground sta-
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tion, so that, e.g., an airplane approaching at an altitunde
of 150 m (492 ft.) can obtain its bearings up to a dis="
tance of about 100 m (328 ft.). ZEven in dircction finding
on board, the conditions are similar during the approach

of the aircraft. (Referon¢e 7.) This method has, in ad~
dition to its continuous indications, the advantage of Wm—
mediate results. The sp001a1 antennas and the extra ™
weight must, however, be regarded as disadvantages.

"In the mixed method, the directional function is as-
suned by the ground station, On the airplane there is a
suitable receiver connected with a nondirective antenna,
"In so far as the flight course, prescribed by the sending
mothod, is not limited to hearing (A-N method),. the objec-
tive 1qdlcat¢ons may be prodiuced by special dev1cbs.

The best-known method for determining the'éourse'by

a so-called "directive becam" employs two crossed vertical
loop antennas, wWhose emissions can be specially character-
izoed, In the original form this is. accomplished by coor-
dinated keys, so adjusted that the signals from one anten-
na fall in the pauses of the other, For the purpose of
odbjective indicatioms, the emissions from the loop anten-
nag are characterized by special modulation frequencies,
whereby, instead of alternate emissions, there is simul-
taneous excitation.* In all cases the directive bean,
corresponding to the double circular sending characteris-
tics, is defined by the zone in which the signals from
both loops have theo same amplitude. (Fig. l.) An airplane
following such an olectrically designated route recognizes
every lateral deviation through thec reception amplitude

of the coordinated antenna charactoristics. At the moment
of flying over the radio beacon the reception strength
passes through a minimum, after whigh the lateral charac-
teristics are reversed,

A1l these briefly sketched methods are essential and
tosted components of modern radio beacons., With their
help it is possible to guide an airplane toward the air-
port and to bring it within range of the special aids for
biind tTending,

*An objective directive-beam met: rding . to Kramar:
i

has an intermediate position.
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III, AIDS TQ BLIND LANDIWG

1. Horizontal Navigation Methods

a) Finding afe route.,~ lNear the airport, horizon-

g) finding a. sal

tal navigation methods are required which will indicate
accurately, at any time, the location of an approaching
airplane. These methods become more necessary in propor-

‘tion to the height of the obstructions,

- 8
h

The simplest method consists inAguiding the airplane,
by means of a radio beacon at the alrport, within a sector
suitable for low flying. In this way many airplanes,
which have to fly blind on account of low clouds, are en-
abled to descend safely through the clouds. This method
assumes, however, that the ground will become visible be-
fore the landing is effected. The process is similar with
the aid of a radio beacon on board and mixed direction
finding, :

A further step is indicated by the use of cross bea-
cons, In Figure 2 the approaching airplane F continual-
1y receives its bearings from two or three beacons A,;B,C.
The bearings at any moment are indicated by the intersec-
tion of ‘the radio beams with the north-and-south lines,
A1l the radio beacons can be provided with automatic direc-
tion-indicating devices, whereby the result of each aux-
iliary beacon is transmitted to the central beacon. The
auxiliary beacons can be marked on a landing chart, so
that the results are immediately perceptible and the
changes in the bearings can Dbe followed: {Berndorfer-Dieck-
mann method), The bearings can be radioed to the airplane
by indicating the squares on the chart, This method can
be used both in direction finding on board and in mixed
‘direction finding., Although we have thus far sketched
only the application of long-range methods to nearby uses,
thero is no lack of other methods,

J. Valoris utilizes the dependence of the intensity
of .the reception field on the distance of the transmitter
for determining the bearings. In order to obviate the ne-
cessity of absolute field-intensity measirements, the ratio
of the reception-~field intensity of each corresponding
pair of, signals is determined. 1In Figure 3, A and B are
two nondirective transmitting stations which, with the
same radiant energy, are alternately used on egual waves,
The modulation frequencies of the two transmitting stations
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differ., In the output circuit of the airplane receiving
set there are two filters which separate the signals A
and B from each other, so that there are coordinated de-~
flections of the two instruments corresponding to the dis-
tances of the transmitting stations. The two instruments
are combined as shown in Figure 4, The scale can bs cali-
brated so that the intersection point of the pointers will
indicate the distances from both stations. If the flight
charts are provided with curves of like distance .ratios,-
tlie bearings can be determined from the reception data of
stations A and B, .If another p&ir of stations A0 his
utilized, the bearings are then obtained from the intersec-
~tion point of the two lines, One disadvantage of this
method is the difficulty of keeping the operating condi-
tiong-of .the transmittiang statioh constant, Moresover, in
practice, neither the circular-radiation characteristics
nor the uniform resistance to spreading can be guaranteed
for the ‘individual radiations.

Another base-line method, which utilizes the spatial-
1y stationary interference picture of two coherent oscil-
lating beacons, is proposed by M. Harms for radio-bearing
purposes. Since this is of little use, however, for short-
.range beacons, it is not necessary to consider it further
here. :

Tn addition to the base-line methods, which enable
the determination of the position of the airplane and
leaves the pilot free to attend to the navigation, there
is the further possibility of accurately indicating the
route to the pilot. This is done by means of the direc-
tive-beam and directive-~course methods, ZFrom the naviga-
tion standpoint, these methods require that they shall
.not only indicate any deviation from the prescribed route,
but shall also indicate the side toward which the devia-
tioh. . ‘oceur s

he directive-beam methods serve chiefly to determine
the landing direction, Use is generally made of the same
methods as developed for long-range beacons, The differ-
ence between the beacons consists simply in the lower
electric power and the smaller dimensions of the loop an-
tennas, A device described by H, Diamond and F, W, Dun-
more (reference 8) consists in principle, at the sending
end, of two vertical loop antennas, which are placed at
right angles to each other and which are excited with ‘the
same phase and power for the same wave length, but are
modulated with distinguishable low frequencies. (For ex-
ample, with 65 and 86.7 cycles.) Such a beacon then has
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s radiation diagram as shown in Figure 5. The directive
beam is the locus of all the points at which the recep-
tion amplitudes are equal from both loops. The receiving
set is provided with a filter for separating the frequen-
cy mixture., In an older arrangement, each of these low:
‘frequencies causes the vibration of a suitably tuned reed.
The pilot's task is to steer so that the amplitudes of the
vibrating reeds will be squaloe Unegual reed vibration anm-
plitudes jndicate that the airplane has deviated toward
the sido of the greater amplitudes (Pig. H5.) A more re-
cent arrangement (references 9 and 10), which is a further
developmont of the rped frequency meter, functions with
the ipterpolation of an electromechanical resonance fil-
ter on a dial indicator. This arrangement 1s especially

insensitive to disturbancess

A method developed in Germany by B. Kramar (C. Lorenz
Co.), which functions with an indicator, is 1ikewise based
on the amplitude method, dbut also involves the use of a
new, simultaneous use of the alternating—current and direct-
current methods. The radiations from the two frame anten-
nas, placed at right angles, are differentiated by the fact
that the modulation of the high frequency ensues according
to a saw-tooth curve in which, by the use of a high-fre-
quency choke or inductance coil with an iron core, both
loops are simultaneously and symmetrically but inversely
excited. (Fige. 6,) After double rectification on the
low-freguency side in the ecaxbterphase method, a laterally
correct ijndication 1is obtained at the reception end from
the unsymmetrical course of  the cUrVOE according to the
ratio of the reception amplitudes of the two antenna radi-~

ationse.

fihile the directive veam always defines a rectilinear
route, W, Loth's method (reference 11) makes it possible
to guide an airplane along a curvilinear route., Under
certain conditions this ijs important for airports surround-
ed by many high obstacles, as, for example, in a mountain-

ous region,

The basic principle of these arrangements lies in the
fact that revolving beams are enitted from two fixed points,
the rate of rotation of ‘the beams Dbeing so adjusted that
their intersections follow.the desired route, These beams
may differ greatly. Since they mnust penetrate vapor, fog,
snow, etc., all vibrations are eliminated which do not meet
this requirement. digh~freguency electric vidbrations

largely fulfill the requirements.
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If the beams from the two beacons are- suitably dis-
tinguished, the obsérver can tell whether he is on one
side or. the other of the préscribed route according to
which signal is first perceived, ' The time.interval be-
tween the beams indicates the distance from the prescribed
route, if the rotational velocities of the beams are such
that, over the whole route, egual lateral deviations are
coordinated with equal time intervals,  In Figure 7, let
AB represent the route prescribed by the beacons S, and S5,
and A!'B! represent a parallel path, An airplane at F
receives the beam S, . when this beam intersects the beam
Sz on the prescribed route at a, According to the pre-
lininary assumption, the second beam:will .be perceived on
the parallel route by a constant time interval At after
(or before) the first beam is perceived, After the inter-
val At, the beam Sz must therefore pass through F.
Simultaneously it intersects the prescribed route at b,
According to the conditions, the beam S; must also pass
simultaneously through D, since the route is indicated
by the intersection point of the two beams. While S, 1is
paseing from  Fp %o F ant algo fTrom a  Tto b, 85§ igls
nuilt ansonsly passes.freom  af to 4b | and from : FF T ihict T HEE
Accordingly the distances Fy F and F F!' on the paral-
lel route correspond to equal time intervals At bdbut to
unequal angular velocities. From this it is easy to de-
termine graphically for a given route the law governing
the angular velocities of the beams S; and S, since,
for At as the time unit, the angles a S; b,. b 53 ¢,
etce (and also a S, b, b 8; ¢) furhish a direct measure
for the velocity. It is also easily seen that the bean
Sz will be perceived on the parallel. route, A" B" two
At time units after the beam S, 1is perceived., Hence
the position line on a previously prepared route chart
can be accurately determined by observing the time inter-
vals, = The limits, within which a given pair of beacons
can accurately indicate a route, are determined by the fact
that a beam must neither be tangent to the route nor in-
tersect it twice,

Since the rotational velocities of the two beams are

dependent on each other, they can both be adjusted from a
central station, 'Hor this purpoge, sccording to''W, Lath,
the rotations are made with the aid of a timing switch,
The impulses are imparted by means of keys controlled by a
perforated strip, each hole corresponding to a current im-
pulse. The holes are at different intervals and determine
the rate of rotation of the beams corresponding to the pre-
determined law of motion,
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The production of the directive beam is effected by
‘the amplitude method or by the use of ultrashort waves
by special, antonna arrangements, If the antennas do not
permit direct rotaticn, this may eagily be accomplished
with the aid of a goniometer, (Bellini Tosi, ) The air-
plane receives the nondirective 31bnulso ;

i The above~described transmitting'systehs assume a
definite azimuthal course, For the central approach to
an airport from any direction, there are numerous methods
of direction finding on board, especially the long-range
methods of J, Robinson (reference 12), Berndorfer-Dieck-
mann (reference 13), R. Hell (reference 14), and H, Busig-
nies (references 15 and 16)., These methods will not be
considered here, g

Light beams in the infra-red portion of the spectrum
can be utilized for steering toward a given point. Their
ability to penetrate fog depends largely on the size of
the drops in proportion to the wave length,. (Referemnces
& ond 4,) '

0f the many ways suggested for using infra-red beams
for short-range direction finding, that of F. W, Westendorp
(General Electric Co.) is of special interest., As trans-
nitter a neon lamp is used, which is based on an alternat-
ing electromotive force of the frequency of sound, This
modulation frequency is important in reception, in order
to determine accurately the source of the light, The re-
. ceiver consists, in principle, of a pboto e;ectzlc cell
" over which a mirror, inclined at about 45°, rotates at
about 100 r.pems On both sides of the alrplane fuselage
there arse windows which are explored by the mirrors. The
photo-electric curronts generated by the incoming light
are compared, When these currents are equal, the source
of the light is directly ahead; when unequal, it lies on
the side corresponding to the stronger current, This ar-
rangement should therefore give good results even in rel-
atively diffused light No flight-test results have yet
been pudblished,

The "leader cable" was one of the first means used
to guide airplanes into port along definite routss. This
cable is generally chédrged with an alternating current
whose field acts on the airplane receiver, The position
of the airplane with reference to the cable is then de-
termined from the strength end nature of uhe 51 nals re-—
ceived, z S0k : :



10 N.A.C.A, Technical Memorandum o, 687

The use -of such .cables.for guiding aircraft into
port will be -limited in comparison with the above-mentioned
methods, .due to the necessity of acouiring additional land
outside the landing field, It was found impracticable,
according to the D,V.L. oxperiments (reference 17) to en-
dow leader cables with radio frequencies, since extensive
rezions are affected by the overlapping of the waves with
those of other cables. Change of terrain also involves
changes in the reception field, which permit no conclu-
sions regarding the position of the airplane with reference
to the leading cable, These phenomena compel limitations
in the frequency and in the adoption of the audible spec-
trum, whereby the lower portion is less favorable for re-
ception than the upper portion. The working frequencies
are therefore mostly between 103 and 10% cycles., Many of
the published methods have not been practically tested.
In most cases, the conclusions were drawn from model tests.

One of tdo flrst devices for guiding an airplane by
cable; for the purpose of facilitating blind landing, is
deseribed by €. Coochs (Reference 18,) The arrangement
of the cable is shown in Figure 8. The cable A serves
to guide the airplane . to the landiang field proper, while
the actual landing is effected with the aid of cable B,
These cables are charged with currents of different fre-
guencies, cable A, for example, wWith 34 periods and cable
B with 68 periods, ZFor guiding the airplane along the
cable A, the airplane is equipped with loop antennas or
"search coils" arranged symmetrically with respect to the
longitudinal axis of the airplane., According to Figure 9
the same e m.f, is induced in both coils when the airplane
i1s ' in the poeition " &: In' the positions b and oy ke
greater electromotive force is induced in the coils near-
er the correct track, i.e., more nearly over' the .lsader
cabie O,

We will now assume that we have a second pair of
coils placed vertically between the wings but sloping at
45° to the plane of symmetry, as shown in Figure 10, If
the airplane is on the track and flying parallel to it,
the port and starboard coils present egual effective aresas
to the magnetic field, As the airplane turns to starbvoard,
tue effective area of the port coil is increased and that
of the starboard coil is decreased, As the airplane turas
to port, the offective area of tho sterboard coil is in-
croased. end that of tho port coll is decreased. The coil
which presents the greater area, and so picks up the groat-
er electromotive force, indicates the direction to turnsin
order to get parallel to the track again,
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, _ For these reasons the two starboard and the twoe port
coils are each combined with one another and cqnnected
with the corresponding- indicator... The latter shows the
pcs1tlon of the airplane with reference to the track. The
indications are given by means of dynamometrie instruments.
Each instrument 's provided with a small mirror which re-
flects a beam of light. The reflected:.beams of light play
on a common transparent scale as represented in Figure 11.
The zero position is at the top of the scale. From left
to right the columns signify the port scale, height scale,
starboard scale, and an "indicatiag" scdle. Phg datter:
indicates to the pilot when he is .over -the landlnﬂ track
and his progress along it. The spot of light on this °
scale oscillates at four periods per second and is therc-
fore quite distinct from the other two.

The latest model freguency reducer has three sets of
reversing contacts,. one ‘each for the port and starboard
search coils operating at 32 periods per second ‘and one for
the indicating search coil operating at 54 periods per
second., When the search coils are over the landing sec-
tion, they are in a magnetic field of 34 periods, on which
is superimposed another field at 58 periods per second,
Since the leading cable has a frequency of 34 periods and
the frequency reducer reverses the circuit at 32 periods,
the resultant current at two periods is applied to the in-
strument, It is easily secen that the spots of light on
the port and starboard scales oscillate at the same phase
and amplitude, when the electromagnetic field is horizon-
tal, i.e.,, when it is approximately over the cable.

The arrows at the top of Figure 12 represent the rel-
ative amplitude of movement of the P and S spots of
light on the instrument, when the airplane is flying par-
allel to the track. Arrows in the same direction indicate
that the oscillations of the two spots are in step, but
when the arrows are opposite the oscillations are out of
step., When the airplane is on the correct track H, the
two spots of light are equal and in step, as shown in posi-
tions 4 and 12, If the airplane is on the port side of
the track, the starboard light remains about the same, but
the port light is reduced. When the airplans gets over to
X; on the port side, the port light drops to zero and the
starboard light is about the same as at H, If the air-
plane moves farther to port, the port 1lig ht begins to os-
cillate. again, but out of step with the starboard 1ight,
as shown in pos1t10n 9, When the airplane’'is in the center
of the area encloséd by the track, the magnetic lines are
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vertical and the two lights are equal and out of step, as
shown at 8., Positions 1 to 7 represent airplanes coming
in the opposite direction.. The same rule holds good,
namely, that the side showing the greater amplitude is to-
. ward the correct track, -

The dash lines - H represent the positions where the
field is horizontal, while the. lines X,, X,, X5, and X,
represent the positions where the field is inclined 45°
to the horizontal., When the airplane is| over the leading
cable, i.0., on the dline 'H,:. its height! above the- ground

can be determined from the anplltudo, with constant trans-
mission characteristics, ' : ik

Banking increases ths electromotive force Tn tho.v
scarch coil on the depressed wing of the airplane, This
offoct is usually offset, however, by the turning of thae
airplane, so that the instrument reading is not much af-
foctod, ‘ : -

When the airplane comes within the effective range of
the landing cable «+ B " (fig. 8), it is indicated on a spe-
cia¥ “gcale "(fig, 11). The corresponding instrument is
conneécted through a reversing device with an indicating
gearch coil, whose plane is'parallel to the longitudinal
axig of the airplane. This is operated at 64 periods per
second, while the c¢able has 68 periods. The spot of light
then oscillates at 4 periods per second. -Since all the
instruments are excited..in their natural fregquency, it
follews that the indications are practically independent
of one another. Therefore noticeable oscillations occur
on the landing scale I, only when the airplane is in the
vicinity of the landing cable. -

So far as known, this method has been used only in
model tests on a scale of 1/200, It is a disadvantage to
have to follow rather sharp curves in landing.

b) Marking the limits of the landing area.- Tests have
been made at the Ford Alrport (reference 19) Lansing,
Il1linois, with an invention by Barl €. Hanson, for indi-
cating thelimits of the landing. area along with the direc-
“tion of approach. (Fig. 13.) The device consists of two
single~-turn loops extending almost 4,000 feet out from the
airport”boundary. The coils are about 200:feet apart at
the field ends, but diverge to 1,500 feet at their outer
““ ends, Bach coil is impressed with a 1,000-cycle audio-: .
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frequency impulse generated at a ground station. A device
is used to open and close alternately the circuits in the
two loops, so that one coil emits dashes and the other
dots. A pilot flying a middle course between the two
coils hears an unbroken sound in his headphones.

At right angles to the inner ends of the coils there
is a six-turn loop of No, 8 weatherproof solid copper wire
600 feet long and 200 feet wide. The sound in the head-
phones materially increases when the airplane is over this
loop, informing the pilot that he is in position to land.
Mr. Hanson has devised an induction altimeter which is
said to indicate the height of the airplane above the land-
ing loop to one-quarter of aa inch.

We Loth (reference 20) uses a cable charged with cur-
rents having mean frequencies of 7,5 to 10 kc, in order to
comnunicate to the pilot of an airplane certain data on
his bearings with respect to the landing field and his
height above the ground., The device, as tested in model
form, consists essentially of a circular cable as shown
in Figure 14, It is connected with the generator G
through the switch S and the transformer T, The timing
mechanism is omitted for the sake of clearness. The cir-
cular cable represents a vertical loop antenna Whose plane
is rolled together in the form of a cylinder, The current
generated in such a loop produces an electromagnetic field
which, for a cross section through the middle of the loop,
has about:the course.shown in Figure 15, .The cirecular ca-
ble, as a whole, forms an open antenna, which is lald over
the excitation coil b on the ground. The device oper-
ates, therefore, as a condenser, one of whose plates is
connected with the cable and the other with the ground.

If the direction of the current is reversed through the
switch S, the phase of the magnetic field produced by
the cable current is changed 180° with respect to the
electric field produced by the open antennea, since the
electrostatic displacement is practically unaffected by
the reversal.,

The airplane has a horizontally placed loop antenna
and an open antenna, both being connected with tiie same
receiving circuit. The induced electromotive forces can
be made to offset one another by suitable adjustments,
while they are added in other cases, If, as in the case
of the guiding beam, complementary signals are used, then
conclusions can be drawn from the behavior of the receiv-
ing system regarding the direction of the magnetic field
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and consequently regarding the position of the aircraft,
The conditions are further illustrated in Figure 15, which
represents the magnetic field of a circular cable of 1,000
n (3,280 ft,) diamoter, An airplane will generally be
able to fly safely, according to the readings of its baro-
metric altimeter, at heights of 150 to 200 m (492 to 656
fto)e .Lieft of the line - 08, the field will have a rela-
tively inductive effect on the receiving|antennas., If the
two tuning characteristics, coordinated with the polar
fields of the circular loop, are the signals D(- ..) and
U(,. =), then, e.2., in the first part of the fiight the
signal D will be received, if it is assumed that the
electromotive forces induced from the two fields here os-
cillate in phase in the airplane receiver, Within the
field T O T', the horizontal antenna receives practical-
ly nothing, due to the plane-parallel components of the
strength of the magnetic field, Also the electric field
has, vertically over tae circular cable,| a minimum which
is moroc pronounced with the use of an open vertical anten~-
na than with a trailing antenna. In the|fisld T O T!,
accordingly, the distinguishability of the signals D and
U ceases, which fact serves to indicate the field bound-
aries. The time required to fly across the center of the
circular cable gives a rough basis for the flight altitude,
Finali.y, after reaching the line O0S, the airplane begins
toriglide,.  Beyond®the Lingll OSYY the  glhienal i i saras
ceived, As the ground is approached, the signal becomes
continuous, because the receiver is affected by the mag-
netic field. Finally, within a few feet of the ground,
the signal D 1is heard, and the airplanp levels off,

(Fig. 16.)

Aj though this method also yields theoretically cor-
rect results, there are serious doubts as to its univer-
sal applicability. (Refereacae 20.) In the first place,
the circular fence with posts about 10 m (33 ft,) high
constitutes a serious menace to low-gliding airplanes.,
Then the field arrangement is considerably more complicat-
ed than here shown in order to make the principles clear-
er, Even the loop antenna has an electric field, which
likewise changes phase with tlhe reversal of the loop. The
electric field of the open system is, moreover, different-
ly distributed in space than the magnetic field of the
landing loop. Since, however, the critical data for the
pilot result from the cooperation of both fields, dite s
difficult to make the best adjustment off the receiving set.
From the short distance between the loop wires there fol-
lows a slight distance effect, since, for every farther
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point, the fields work against one another and the fiesld
intensities are almost equal. This is particularly disad-
vantageous in landing, It is only near the ground that
the fields are stronger. If it is sought to remedy these
disadvantages by using more power, special measures are
necessary to safeguard the receiver against excessive in-
dications near -the ground,

Recently a further development of this method has been
announced by the American Loth Corperation, (reference 21
which is being tested on Wright Field. In this system the
open cable is replaced by concentric cables in the ground.
An apprcaching airplane first hears the signal D and then,
as it crosses the boundary of the landing fiield, & coniéin-
wous sound, Inside the landing field, the signal U 1is
heard. At a height of about 20 feet above the ground,
this is replaced by I(..). This is the signal for the
pilot to level off for landing. The receiving apparatus
on the airplane consists of a vertical loop antenna for
guiding it toward the landing field, as well as a horizon-
tal loop for receiving the bearings, While the latter
ceases, the course is controlled by an indicator. The
guiding may begin at a distance of about five miles from
the landing field, whereby the cable is supplied with
about 15 kw,

Another method for indicating the landing-field bound-
aries was developed by H. Gromoll and H. Johannson of the
D.V.L. and confirmed by laboratory tests. (Reference 22.)
The outer and inner fields of the airport are plainly
marked by visual beacons, wheroby, in flying across the
boundaries, the direction of the indicator needle is re-
vereed. The reliability of the indications depends on the
use, .in the reception field, of unsymmetrical curves with
respect to the time axis.

A cable, surrounding the landing field, is endowed
with a sound-frequency current of the form I (sin W t +
X sin 2 wt), so that the induced electromctive force in
the horizontal lcop R of the airplane has about the
course shown in Figure 17. This electromotive force 1is
transmitted to a two-way rectifier in the output circuit
of which a differential instrument is interpolated. The
rectificatien produces unegual directive currents, due to
the unsymmetrical electrometive forces. These currents
determine the direction of deflection of the pointer. On
flying across the landing-field boundary O (figs 17)5
the magnetic field changes its. direction with respect to
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the horizontal receiving anteina of the airplane and cor-
respondingly also the indvced electromqtive force., . This
deflects the indicator pointer in the opposite direction.
An auvtomatic amplifier was used to render the reception
of the flying altitude larg ly independent.

The directive transmission methods can be used for

tial asnd rectilinear landing-field boundaries. Such,
., are the loop antennas used in America under the
e "gun coil," in which the sectors of minimum ra dlatlon
ve usually as the corresponding critsrion. - (Refecrence
) As comparcd with the circular cables, these methods
heve the disadvantage of providing only one landing di-
rection,
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2. Vertical Faevigation liethods

aL_B“roqot ic altitude determination.- Ordinary bara-
metric altlmeters aT e generally y unsuited for blind-landing
purposes.* It is true that the altitude correction can be
communicated to the airplane by radio, so that the height
above the ground can be determined, but it is generally
difficult to overcome the effect of pressure variations in
the pilot's cockpit due to changes in the attifude of the
airplane, the propeller r.p.m., etc., as also the mechan-
jcal lag of the instrument, Thus the accuracy of the in- .
dications, so important near the ground, is lost, and it
bécomes necessary to find more suitable methods., Thése
are sought in acoustic, electric, and optical fields,

bl Altitude determination by reflection.- The "Behm
Lot" (references 23 and 24) is the oldest and best known
of the acoustic methods, With the firing of a pistol
mounted on the aircraft, a ray of light is set in motion
which casts a point of light on a vertical transparent
scale so marked as to indicate the distance correspondin
to one-half the velocity of sound. The sound .reflected
from the ground excites a microphone mounted on the air-
plane and generates a current impulse which deflects the
point of light laterallj. thereby indicating the height
above the. ground, :

*The ~Anerican, ‘Mr., Doolittle, in blind landing,-used a
special instrument, the Xollsmann precision altimeter, on
which one scale division of .0,2 mm corresponded to an al-
titude difference of 3.m (about 10 ft.). (Reference 2.)
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For blind landing, this method has the serious disad-
vantages that no continuous indication is shown and that
a particularly attentive observation of the scale is re-
gquired in order not to miss the instant of the indication.
Confusion may result regarding the height above the ground,
due to reflections from obstacles.

There have therefore been attempts to develop electro-
acoustic methods with continuous indication of the flight-
altitude. - Sounds are given off at short intervals (e.g.,
by compressor pipes) which, as well as the reflected waves
conducted through suitable filters, activate the indicat-
ing instrument. All acoustic methods require a comprehen-
sive analysis of the engine and other noises produced on
the airplane, as well as'a study of the changing condi-
tions of reflection, ih order to choose suitable working
frequencies., According to flight tests the lowest heights
which can bé reliably indicated are about 2 m (6.56 ft.).
(Reference 25.) ] :

For determining the altitude, reflection methods have,
also been proposed which employ high-frequency oscillations.
Short waves are reflected better than long ones. Among
the published methods that of W. L. Everitt is of special
interest. (Reference l.) 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 transmitted and reflected waves
has a pitch which is a direct function of the altitude. -
Only a single loop is used for transmitting and for re-
ceiving the reflected waves., As compared with other radio
altimeters,.lir. Everitt's instrument is simpler and has
the advantage of indicating altitude directly instead of
within a nodal distance. (Reference 26.) The practical
value of the radio altimeter cannot yet be judged, since
we do not have sufficient data on the reflection conditions
of different terrains,

¢) Altitude determination from capacity variations.-
The spproach of an airplane to the ground can be deter-
mined from the capacity changes in a suitably constructed
condenser., All capacity methods can be based on the prin-
ciples illustrated by Figure 18. The condenser consists
of two metal plates a and b attached to- the fuselage and
connected with a measuring circuit c¢. The capacity of
this condenser is determined principally by the size of
the plates and .the dielectric effect of the surrounding
air. The capacity of the conductors is joined 1in parallel
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to the measuring instrument d, On approaching the ground
the capac1ty increases, due to the reduction in the plate
distance, as well a2s to the generally greater dielectric
constants of the ground. Since the dielectric coastant

of the air varies with the humidity and barometric pres-
sure, the capacity altimeter is especially suftable for
low altitudes, where the effect of the air is small with
respect to that of the ground, and for the accurate deter-
mination of the leveling-off altitude of the airplane for
landing., .Corresponding instruments have been prooosed 10
Germany by H. Wigge and List and tested at the expense of
the Junkers Airplane Company. All these 1nstruments dif=-
fer simply in the form of the measuring circuit c¢, 3Bridge
methods, beat methods, and resonance methods have been
used, (References 27 and 28,)* The arrangement of the
condenser plates on the fuselage, as used in experiments
by R. Gunn (“efefence 29) is shown in Figure 19, Altitude
nmeasurements can be made by the capacity method from about
100 feet downward, "'This method is only condltlonally Te-
liable, since the dielectric constant of the ground varies
with the atmospheric conditions,

d) Altitude determination by field-intensity measure-
ments,~ The flight altitude can also be determined by meas-
uring the strength of the reception field. As already men-
tione1, use is often made of this method in connection with
the lealer-cable methods (Coock, Hanson, Loth, etc.). It
is assumed, however, that the airplane is in a location
where the field distribution is fixed and also that it re-
mains over the cable with uniform field distribution along
the cable. Apnother assumption is that the field is neither
directly. nor indirectly affected by the weather., In gen-
.eral the field distribution along the cable does not actu-
ally correspond to that sought, so that adequate accuracy
of altitude determination for 1and1ng purposes is attaina-
ble only under certain conditions,

3. Gliding-Path liethod

, A nethod which‘provides a gliding path for the air-
plane was developed in America by H. Diamond and H. W. Dun-

*Another method for measuring very small capacities, which
is based on the "interruption method" in a tube circuit,
was used by H. LOWJ (reference 27) for measarlng fllgnt al-

pelcbaitudies s
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more. . (Reference 9.) The gliding path was identical with
a curve of constant reception- .fipgld intensity. For this
purpose a directive beam was generated, .as shown:in Figure
€0, This. figure shows ‘how the intensity of the receptlon
field 1s affected by the angle of elevation, when the air-
rlﬁne moves in the vertical plane passing through the ax-~
is of the beam in .an arc about the position. 0 of .the
transmitter., By the angle .of elevation § is understood
the angle at.which the airplane is seen from O.  Similar
directive characteristics are received at various dis-
tances from the transmitter. The absolute values of  the.
field intensities of these groups.of curves:are connected
"by the law of distribution for equal angles .of.elevation,
In close approximation the field intensities are inverse-
ly Urofortlonal to the distance.for 4§ = constant.

Since the angle of elevation § 1s introduced into
Figure 20 as an independent variable, it can overlap, in
the representation with polar coordinates, a Cartesian
system in which the abscissa is the distance d .and the
‘ordinate is the fliight elevation hes It should be noted,
however, that the plotted beam characteristic.is wvalid on-
1y -for a definite distance .d; :for example, for 4 =
1,500 m (4,921 £t.). : :

If an airplane flies from A at :a height of about
200 m (666 L) 4 the deflection in an instrument connected
with thé receiver will increase according to the degree of
the increasing reception- ~field intensity. There are two
reasons for the increase in the field intensity, namely,
the increase due to the approach to the transmitting sta-
tion (3 = constant) and that due to the approach to the
axis of the beam charaoﬁerlstlc (AL 53 -Q . Eom i we v le
If the instrument has reached a certain deflectien, say
half the scale, the airplane is then- steered so that the
pointer indication remains constant., This then corre-
sponds to keeping the reception-field intensity constant,
Correspondingly, the airplane must so move that the in-
crease in the reception-field intensity due to approaching
the transmitting station is equal to the decrease in the
reception-field intensity due to increasing the distance
from the beam.axis 'OP . (diminishing the angle of eleva-
ERon '8 ) . This yields .a-gliding-path curve,  which flattens
out strongly in approachlng the ground S L T :

The practical solution of the oroblem is based on the
use of ultrashort waves,. since these greatly facilitate the
bunching due to the small antenna dimensions and since the
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airplane antennas can also have small dimensions. Wave
Tongthg of 3.2 @ (98,700 kc) were used in the experiments
at College Park, TFor energy concentratlon, eight hori-
zontal dipole antennas of the length of a half-wave wero
used in depth arrangement., (Fig., 21.) The rearmost one
formed the reflector, while the forward six served as di-
rectors, Tho soventh antenna was connocted directly with
the transmitter, all the othors being excited by radia-
tion coupling. The grlﬁclpal axis OP of the character-
i'stic was inclined 8” to the horizontal. A .transmittin
power of 500 watts was used ior a distance of 10.km (6.2
L

The receiving apparatus,consisted, as- shown in Figure
22, of a horizontal dipole antenna connected directly with
a detector-amplifier~rectifier unit in a streamline hous-
ing on the wing of the airplane, The modulated frequen-
cios were roctified by a copper—oxide rectifier in the
output circuit of the receiving sot, The rosulting direct
current operpted the 1nd1cat1ng 1ﬂstrumont

This apparatus has the advantago of| great simplicity.
It requires no attentlén while landing, The correct land-
ing path can be followed through variations in the sensi-
tivity of the indicating instrument and through diminution
of the intensity. In connection with this method, still
other devices are required to insure the direction of ap-
proach and to keep the aircraft in the vertlcﬁl plane in
which tife axis of the l“ﬁdlns beam lies. Those dévices
have already been described.

In connection with the work of Diamond and Dunmore,
the gliding-path method of the D.,V.L., was investigated and
further developed in Germany. The flight tests with 4,7 m
(15,42 ft,) waves were fundamentally satisfactory, but the
practical application of this method still requires vari-
ous modifications on which work is now in progress.,

IV, SUMMARY

The extraordinary importance 6f safe blind landing
for aircraft led to the development of numerous methods
for facilitating it, The methods described represent par-
tial solutions of the complex problem of blind landing,
Trhere are special methods for insuring the flight path,
for indicating the boundaries of landing fields, for de-~
termining the flight and 1eve11n5~off altitudes and for
establishing the gliding path.
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It 1ies in the nature of the case that blind landing
with the aid of instruments, as compared with visual land-
ing -from direct observation, makes much greater demands on
the skill of the pilot. In judging the different methods,
therefore, the ingeniousness of the signals and their free-
dom from ambiguity are of surpassing importance. They must
be reliable. All the apparatus on board must be light and
of small dimensions, It must require only the simple op-
eration of a switch to throw 1% len ' or ol fi

In several of the above—deSCrlbed metnods, no f£light
‘tésts have yet been made. hough no satisfactory solution
of the problem has been attained, valuable preliminary
worlt has nevertheless been donse,

Translation by Dwight M. liiner,
National Advisory Commlttee
Tor Aeronautlcs.
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