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AN INSTRUMENT LANDING SYSTEM

By EDWARD NELSON DIKCLEY, Jr.
Radio Engineer, Bureau of Engineering

NAVY DEPARTMENT

THE Air Commerce Bulletin, Volume
9, Number 6, issued on December
15, 1937, by the Bureau of Air Com-
merce, Department of Commerce, sum-
marizes the present status of instru-
ment landing systems and sets forth the
desired characteristics of what would
be considered "the most satisfactory
system."

The system described below does not
require the use of radio frequencies, a
probable advantage, and with this ex-
ception it appears to possess all of the
above referenced desired characteristics
as follows :

(a) No runway localizer is re-
quired for the reason that the glide
path provides both vertical and lateral
indications.

(b) No marker beacons are required
for the reason that the glide path is
horizontal until the airplane reaches the
point where the normal landing glide
begins.

(c) The landing glide path is not
only smooth but it is also straight, thus
providing a constant glide angle.

(d) The glide path is fixed in space
regardless of weather and ground con-
ditions.

(e) A crossed -pointer instrument
in the airplane continuously indicates
the vertical and lateral position of the
airplane relative to the glide path and
indicates the rate of approach or de-
parture from the glide path. The point
of intersection of the crossed pointers
moves 8 percent over the face of the
instrument for a deviation of approxi-
mately 0.6° from the glide path in any
direction.

(f) No equipment adjustments are
required to enable the pilot to choose

the glide angle most suitable for each
particular landing.

(g) Monitoring equipment consists
solely of a few alternating -current am-
meters.

(h) All ground equipment of the
system may be underground and does
not constitute an obstruction on the field.

(i) The airplane equipment is sim-

Fig. 1. Showing ground equipment
for instrument landing system.

ple, inexpensive, easily maintained in
calibration and is ideally suited for
connection to a gyro -pilot, thus pro-
viding a fully automatic landing facility.

(j) The system is not affected by
atmospherics.

(k) The ground equipment is rela-
tively inexpensive and its operating and
maintenance costs are negligible. It
does not utilize vacuum tubes or other
items representing replacement costs.

This instrument landing system util-
izes the magnetic field surrounding two
horizontal multi -conductor cables to
establish in space a path of constant
electromagnetic field intensity. This is
shown diagrammatically in Fig. 1

wherein the horizontal cables 1 and 2
are laid on, under or above the surface
of the earth on each side of and equally
spaced from a landing runway 24 and
the graphical extension thereof. One
conductor of cable 1 is grounded at the
point 36 and one conductor of cable 2
is grounded at point 37. These two
conductors are connected to an alter-
nator 3 through a rheostat and am-
meter as shown and thus form a hori-
zontal loop.

Another conductor of cable 1 is
grounded at point 38 and another con-
ductor of cable 2 is grounded at point
39. These two conductors are con-
nected to the secondary of the isolating
transformer, as shown, through a rheo-
stat and an ammeter and thus form a
second horizontal loop smaller than the
first mentioned horizontal loop. The
current in this second loop is caused to
flow in the opposite direction (phase
opposition) to that of the current in
the first mentioned loop by proper con-
nection to the isolating transformer.
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The magnitude of tne current flowing
in the second loop is adjusted by means
of the rheostat and ammeter as shown,
to a value equal to a definite fraction
of the current flowing in the largest
loop and, in consequence, the magnetic
flux surrounding the portions of the
cables 1 and 2 wherein the conductors
of the first and second loops are par-
allel is less than the flux surrounding
cables 1 and 2 at distances beyond the
limits of the second loop.

In the same manner, a third loop is
formed by grounding two conductors
at points 40 and 41 and the magnitude
of the current through this loop is ad-
justed to a definite fraction of the cur-
rent in the largest loop and in phase
opposition thereto. Other loops of
gradually diminishing dimensions are
similarly formed as shown in Fig. 1

and the magnitude of the current in
each of these is adjusted to a definite
fraction of the current in the largest
loop and in phase opposition to it.

In this manner, by properly choosing
the grounding points for each hori-
zontal loop and by adjusting the cur-
rent in each loop to the proper value,
the rate of diminution of the magnetic
flux surrounding cables 1 and 2 may
be caused to be any desired function of
the distance along the cables toward
the landing point 10 or conversely, the
altitude above the cables to a point of
constant field intensity may be caused

to diminish as any desired function of
the distance along the cables.

Fig. 2 represents a section taken
through A -A of Fig. 1. The aircraft
carrying loops 28 and 29 is represented
as being at the height h above the
runway 24 and the cables 1 and 2 are
represented as being spaced from the
runway by the distance d. It is de-
sirable but not mandatory that the
distance h and d should be equal
throughout the length of the runway.
It is for this reason that Fig. 1 shows
cables 1 and 2 converging toward the
landing point 10.

Fig. 3 shows a side elevation of Fig.
2 taken through the runway 24. A
section B -B of Fig. 3 is represented
by Fig. 2.

In operation, the voltage of the alter-
nating source 3 is adjusted to produce
a current flow through cables 1 and 2
at section A -A of sufficient value to
produce an alternating field having the
value F at a radial distance X from the
cables 1 and 2; the value F being such
that the maximum potential induced in
a loop collector mounted in the aircraft
will be considerably in excess of the
potentials induced in the same loop
by locally generated fields surrounding
the aircraft, and the distance X being
the hypotenuse of the triangle d -h -X
of Fig. 2 where h is the desired height
of the aircraft at start of glide path.

In order to establish the desired con-
stant -angle glide path 9, Fig. 3, the

Fig. 5. Showing departure from glide path in percentage.
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Fig. 2. A section taken through
A -A of Fig. 1.

grounding points of the smaller hori-
zontal loops are spaced at constant in-
tervals and the current in each smaller
loop is adjusted to equal the value of
the current in the largest loop divided
by the number of smaller loops. In
this manner, the radial distance X from
cables 1 and 2 to the point of field
strength F is caused to diminish as a
linear function of the distance along
the cables from the start of the down-
ward glide path.

Having thus established in space a
glide path represented by the locus of
the points of constant field strength F,
it is only necessary to provide in the
aircraft 8, means to indicate the posi-
tion of the aircraft relative to this locus
in order to make possible the guidance
of the aircraft along the predetermined
glide path.

The above referenced loops, 28 and
29, are mounted on the aircraft in such
a manner that the plane of each loop
is perpendicular to the plane of the
other loop and so that the plane of each
loop lies at an angle of 45 degrees to
the horizontal when the aircraft is in
normal flight. One simple and effective
way to install these loops consists of
utilizing a small diameter, light weight,
multiconductor, fabric covered, water-
proof cable containing twenty to thirty
small gauge insulated conductors. One
end of this cable may be secured to the
inside or outside of the fuselage near
the forward end of the aircraft at a
point 45 degrees above the lateral cen-
terline of the aircraft. The cable may
be then extended aft along the fuselage
to a point near the tail which is 45 de-
grees above the lateral centerline of the
aircraft. The cable may be then passed
over the fuselage to a point diametri-
cally opposite the last mentioned point,
thence forward along the fuselage to a
point diametrically opposite the first
mentioned point, thence under the fusel-
age and return to the first mentioned
point where the various conductors may
be interconnected to form a multi -turn
loop having its plane lying at an angle
of 45 degrees to the horizontal for a
position of normal flight. A second
loop having its plane perpendicular to
the first may be secured to the fuselage



in a like manner. A non-ferrous metal-
lic fuselage will not adversely affect the
operation of these loops.

Each of the loops mounted in the
aircraft is connected to a simple tuned
audio -frequency amplifier and each of
the amplifiers has in its output circuit
a substantially linear rectifier capable
of supplying to a suitable load circuit
a direct current, the amplitude of which
is directly proportional to the amplitude
of the voltage induced in the loop to
which it is connected.

The load circuit of each linear rectifier
consists of a direct current d'Arsonval
type milliammeter. These two milliam-
meters are mounted within one instru-
ment case as shown in Fig. 4. Both
pointers are vertical for zero deflection
and the two pointers cross at the center
of the instrument when each is (lc
flected an amount equal to half scale
deflection.

With reference to Fig. 2, it will be
noted that when the aircraft is flying
along and centered on the established
glide path, one of each of the loop col-
lectors will lie in a plane producing a
maximum of induced voltage from one
of the ground cables 1 and 2 and zero
induced voltage from the other cable.
If the aircraft is flying parallel to the
established glide path but above, below
or to either side of it the voltages in-
duced in the two loops will assume
different values and cause the two point-
ers of the instrument to intersect at the
points shown in Fig. 5 wherein the ver-
tical and horizontal lines are marked in
terms of percentage off the glide path.
In this figure, 100 percent below or
above the glide path is taken to be at a
point on the ground and at a point
twice as high as the glide path, respec-
tively. Similarly, 100 percent to the
left or right of the glide path is taken
to be at a point directly above the left
hand or right hand cable, respectively.

The points of intersection of the
pointers as shown in Fig. 5 were cal-
culated from the formula :

V= 384 f I N b 10' log,
X, X.

X, X.,
V = microvolts induced in one air-

plane loop.
f = cycles per second frequency of

source 3.
I = effective amperes flowing in

Fig. 3. Illustrating glide path.
See Fig. 2.

Fig. 4. Crossed pointers indicate position of plane with respect to
glide path.

cables 1 and 2 at the point below
the aircraft.

N = number of turns in each air-
craft loop.

b = length in feet of aircraft loop
sides parallel to earth.

X. = radial distance in feet from cable
1 to first limb of aircraft loop.

X, = radial distance in feet from cable
1 to second limb of aircraft loop.

X, = radial distance in feet from cable
2 to first limb of aircraft loop.

Xd = radial distance in feet from cable
2 to second limb of aircraft loop.

As an example of the large values of
induced aircraft loop voltage which are
obtainable, assume that the aircraft
loops are 12 feet long and average 4
feet wide, that they have 40 turns each,
that the current in cables 1 and 2 is 5
amperes at 500 cycles and that the air-
craft is flying on the glide path at an
altitude of 1,000 feet (1,414 feet distant
from each cable), then the voltage in-
duced in each loop will be 1,300 micro-
volts.

The effect of the currents flowing
between ground points of cables 1 and
2 will be negligible because of their
divergent distribution and because the
number of lines of flux linking them
with the aircraft loops is negligible
compared to the number of lines which
link cables 1 and 2 with aircraft loops.

Should the aircraft be flying across
the glide path at a small angle, its in-
stantaneous position as indicated by the
crossed -pointer instrument will be in
error by only a very small amount. If
the angle flown across the glide path
is larger, the error will be larger but
the instrument will show, by the very
rapid movement of the pointers, that
the aircraft is crossing the glide path
and will show whether the movement
is to the right or left. Whenever the
aircraft is flying parallel to the glide
path, the instrument will indicate its
exact position relative to the glide path.
The length of horizontal glide path
provided by this system is of great
assistance to the pilot in orienting his
airplane on the glide path prior to
reaching the beginning of the down-
ward path. It is an improvement over
the parabolic glide paths provided by
the radio systems wherein the start of
the glide path is quite steep.

It is interesting to note that the in-
strument of Fig. 5 indicates departure
from the glide path in percentage. At
a glide path altitude of 1,000 feet, an
indication of 10 percent low represents
a distance of 100 feet below the glide
path but when the plane is about to
land and the altitude of the glide path
is only 10 feet, an indication of 10
percent low represents a distance of

(Continued on page 30)
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changes in line voltage or tube characteristics-can also be used
as 70 DB amplifier, flat to 100,000 cycles.
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Formed Parts
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VIDEO AMPLIFIER DESIGN
(Continued from page 13)

ning-voltage amplifiers where stability
and the preservation of low -frequency
waveform is of great importance. There
are also many applications in the field
of electronic apparatus such as electro-
cardiograph and photoelectric -control
systems where this same improved sta-
bility is helpful.

Figs. 4 and 5 show two practical cir-
cuits embodying the principles set forth
above. Both circuits employ pentodes
since if high frequencies are to be am-
plified, the reduction in dynamic input
capacity obtained due to the screen -
grid shielding is desirable. The circuit
of Fig. 4 shows the plate -filtering and
cathode -bias system described, but the
screen voltage is obtained by means of
a conventional series resistance and
shunt condenser. While the screen cur-
rent is usually low compared to the plate
current and hence causes less distortion,
still if optimum performance is desired,
the screen voltage too may be resistance
filtered as shown in the circuit of Fig. 5.

ANDREW PRESENTS PAPER

Dr. Victor J. Andrew, Consulting En-
gineer, presented a paper entitled "Direc-
tional Broadcast Antennas" before the De-
troit section of the Institute of Radio
Engineers at a meeting held May 20. Dr.
Andrew introduced his subject with an
outline of the circumstances which make
necessary the use of directional antennas
for broadcasting service. The use of arrays
of vertical radiators to obtain directional
characteristics were described. Various ex-
amples of the placement of towers and the
required phasing of antenna currents to
achieve specified radiation pattern were
given.

INSTRUMENT LANDING SYSTEM
(Continued from page 9)

only 1 foot below the glide path. Thus,
not only does the accuracy of position
indication increase as the aircraft ap-
proaches the landing point but also the
pilot may choose his glide path by fly-
ing a given percentage above or below
the glide path when landing.

The aircraft equipment includes a
simple calibrating oscillator which,
when energized, applies a calibrating
voltage in series with the loops or
across the input terminals of the ampli-
fiers thus allowing minor adjustments
of the gain of each amplifier to be made,
if necessary, just prior to landing. Such
a calibrating oscillator generating a
known and constant signal at an audio
frequency is entirely reliable. How-
ever a similar device generating fre-
quencies in the neighborhood of 100
megacycles, as would be required for
any radio instrument landing system, is
unreliable and its space and weight re-
quirements would be excessive.
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On first consideration it might ap-
pear that the ground cables would have
to be laid over such great distances as
to render the system impracticable but
this is not necessarily true. The pres-
ent-day radio landing systems provide
a localizer beam for lateral indications
and a glide beam for vertical indications.
It is true that the radio localizer beam
provides useful lateral indications over
distances of 15 to 25 miles but the radio
glide beam, because of its parabolic
shape, provides useful indications over
distances of only 1.5 to 2 miles. At-
tempts to increase the useful range of
the radio glide beam result in a glide
path which clears the airport boun-
daries by only a few feet and which at
its starting point is nearly vertical.

Because of the accuracy of indication
of the system herein described, it is
possible to locate the landing point well
across the airport in the landing direc-
tion and therefore most of the length
of the cables for a 2 -mile glide path
may be laid within the airport boun-
daries. If it is necessary to extend the
cables beyond the airport, this may be
done at small expense by obtaining
easements for this purpose from the
adjoining property owners.

All commercial aircraft carry beacon
receivers for use in cross country navi-
gation. It is therefore a simple and
inexpensive matter to provide a low
power, loop -type, beacon transmitter to
guide aircraft to the entrance of the
2 -mile glide path provided by the sys-
tem herein described. This provision
does not require the aircraft to carry
additional radio equipment not other-
wise carried.

Both this system and the radio sys-
tems require the airplane to fly down
a constant signal contour. In the radio
systems this must be accomplished by
depending on the constancy of gain of
a temperamental super -frequency radio
receiver. In the system described here-
in, this is done by depending on the
constancy of gain of a stable audio -
frequency amplifier which is addition-
ally provided with a stable calibrating
device which is ready for instant use
by pushing a test button and which is
provided more to bolster the confidence
of the pilot than from actual necessity.

The advantage of this system over
the radio systems in dependability and
accuracy under all weather conditions
is obvious from the foregoing. Its ini-
tial cost is not as great as for the radio
systems and its maintenance and oper-
ating costs are negligible.

The opinions contained herein are
the private ones of the writer and are
not to be construed as official or re-
flecting the views of the Navy Depart-
ment or the Naval Service at large.

This is the Model F-26-2 Recorder, bringing even finer
quality to the finished recording through the incorpora-
tion of many new features in both recorder and amplifier:

1. RECORDER HEAD CARRIAGE
MECHANISM-assures absolute
freedom of movement verti-
cally, with no movement hori-
zontally, by ground cone ball -
bearings supporting the cutter
head arm.

2. RECORDING SCALE-a new
scale reading direct in min-
utes for all pitches and both
OUT -IN and IN -OUT.

3. CRYSTAL CUTTER HEAD- a
completely new design incor-
porating improvements in the

advance ball and its method of
adjustment.

4. MOTOR DRIVE-at 33 1/3 r.p.m.,.
split-second timing is achieved
by direct synchronous speed
gear and worm drive. The
playback of a program always
coincides to the second with
the original program's length.

5. RECORDING AMPLIFIER-re-
designed for ease of operation
with an inclined front panel
and all controls conveniently
grouped at the top.

The Model F-26-2 Recorder in its light, smart and sturdy
new carrying -case, has been brought to a new pitch of
perfection in both appearance and performance.

For full information, send for descriptive literature.

"... it had to satisfy Fairchild first"

AERIAL CAMERA CORPORATION
88-06 Van Wy:k Boulevard, Jamaica, L. I., N. Y.
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