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This invention relates, generally, to the blind
landing of aircraft, and the invention has refer-
. ence, more particularly, to a novel method and
means including an automatic ratio control sig-
nal receiver for use in connection with overlap-
ping radio beams for effecting the blind landing
of aircraft, the recelver serving to differentially
amplify the signals of the radio beams, whereby
a desired artificial guide path is obtained.
Ultra high frequency directive gadio beams of
the order of 108 cycles per second are employed
in the blind landing apparatus of this invention.
The beams used, for example, may be different-
ly modulated and provide an overlapping zone
or guide path down which the aircraft flies dur-
ing landing. At these high frequencies the guide

path provided by the beams is substantially’

straight, so that if the craft follows the beam
path all the way down, there is a tendency for
the craft to fly into the ground. It is desirable,
of course, to provide a straight guide path for
the major portion of the landing operation, but
just before the craft reaches the ground it is
preferable to flatten or curve the glide so that
the craft will land smoothly.

The principal object of the present invention
is to provide a novel method and means for ef-
fecting the blind landing of aircraft which pro-
vides a substantially straight glide path for the
greater part of the landing operation and with
the path altered prior to landing to afford opti-
mum landing conditions. )

Another object of the present invention is to
provide a novel ultra high frequency signal con-
trol receiver that serves to automatieally flatten
out or otherwise vary the glide path for the
craft as the landing point is approached to
thereby obtain optimum landing conditions, this
being accomplished by automatically changing
the amplification ratio of the two.overlapping
transmitted glide path signals at the‘receiver.

Other objects and advantages will become
apparent from the. specification, taken in con-
nection with the accompanying drawing where-
in one embodiment of the invention is illus-
trated. : ) :

In the drawing, )

Fig. 1 is a wiring diagram
of this invention, and ‘ )

. Fig. 2 is a schematic view of the apparatus of
this invention providing -an artificial landing
path. : i

Referring now to the drawing illustrating the

- - invention, the reference numeral | designates &
recelving antenna carried by the aircraft, which

of the novel receiver
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antenna feeds into an ultra high frequency
radio smplifier and detector 2. In the amplifier
and detector 2 the ultra high frequency modu-
lated signals, received from the overlapping
landing beams 21 and 22 (Fig. 2) that have dif-
ferent modulating frequencies Fi and ¥2, are
superimposed upon a suiteble carrier or locaily
generated frequency and then detected to pro-
duce an intermediate frequency slgnal which is
suppled to the intermediate frequency amplifier
shown as consisting of two stages 3 and 4. Au-
tomatic volume control bias is supplied to ampli-
fier stages 83 and 4 from the- AVC detector 5
which is supplied from the intermediate fre-
quency amplifier 6 operating at a constant gain.
This will be understood when it is noted that the
bias on the control grid of tube 6 is determined
by resistance 7 inserted between this grid and
ground line 23, whereas the bias on the control
grids of tubes 3 and 4 is determined by resist-
ances 8 and 9 connected to the AVC line 10, the
potential of which is determined by lead {1 con-

. nected to the filtered outpili_: of AVC detector or

25

30

40

diode rectifier §. .

The output of the intermediate frequency
amplifier 4 is detected by a second detector 12
and further amplified by a tube {3, the output of
which supplies band pass filters 14 and 15, re-
spectively, passing frequencies-FI and F2, whigh
select the respective modulations of the two over-
lapping beams. The automatic volume con-
trol line 10 is also connected to the control grid
of audio amplifier 18, whereby the automatic
volume control bias controls the gain of this am-
plifier which amplifies the signal of one beam,
such as that transmitted by one radiating horn

_or emitter 24. The audio amplifier 17 amplifies

the signal supplied from filter 15, 1. e., the signal
of the other beam transmitted from horn or -
emitter 24’, and this amplifier 1T operates at
consjant gain since the bias on its grid is de-
termined by resistance 32 connected to the
ground lead 23. The outputs of the tubes 16
and 11 are connected in opposition and pass

5 through saudio transformers 20 and 2{° and

through copper oxide rectifiers 25 and 28§ for ap-
plication to the up-down or zero center mi-
croammeter 27. . .
The operation of the system of this invention
in providing an artificial glide path that is vari-
able at will by varying the AVC will be under-
stood from Fig. 2. In this figure, the overlap-
ping beams 21 and 22 provide a glide path indi-

‘cated by the dotted line 28,1i.e., a straight glide

path down which the craft would normally fly
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to earth 30. In using the novel receiver of this
invention, however, and assuming it is desired to
flatten out the glide path just before landing to
prevent flying the craft into the ground, the
detected modulation Fi of the upper beam 21
is' amplified by the tube #6 having AVC bias
thereon whereas the P2 signal of the lower beam
22 i5 amplified by tube {7 operating at constant,
gain. Thus, the signal of the upper beam is
weakened relative to that of the lower beam and
in’ order to fly in an equi-signal region, the pilot
must alter his course as shown by the solid line
19, thereby automatically flattening his glide to
provide a normal landing. Although, in the ex-
ample given the effective glide path is raised as

the craft approaches a landing, this path could _

be lowered if desired.

The glide angle, i. e., the angle between line
28 and the ground 30 may be changed, if desired,
by adjusting the manual ratio potentiometer con-
trols I8 and 18’. s :

In conventional operation, the craft is guided

‘ along its path defined as the equi-signal zone

of the intersecting Iobes or directive radiation
patterns, according to the orientation of the lobes
or patterns and the pointer of meter 27 is in a

“neutral position, indicating that the strength of

the signals derived from the modulation compo-

. nents as applied to the meter are equal and hence

have a unitary relative strength ratio. .

The foregoing operation Is modified, accord-
ing to the present invention by unbalancing this
ratio, as a function of the total received fleld
strength, as by varying the fly-up or fly-down
signals, in the case of instrument landings. This
results in unequal opposed signals at the meter
and causes a meter deflection that requires a. dis-
placement of the craft in a direction to restore
the unitary ratio, thereby providing a new path
displaced from and convergent on the original
path.  If the ratio is continuously and progres-
sively unbalanced as & function of the distance
of the craft from the transmitter, determined,
for example, as a function of the combined lobe
field strength as measured by the AVC bias, the
new path becomes less convergent, parallel, or
even divergent relative to the original path, ac-
cording to the manner in which the signals are
unbalanced. . Unbalancing the respective signal
strengths, as indicated, accordingly diverts the
craft and alters the apparent locus of the orig-
inal flight path as the craft nears the trans-
mitter,

As many changes could be made in the above
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varfes from a straight line as. the Ianding area
is approached. . ’

2. In apparatus for landing aircraft, ultra high
frequency radio projecting means in the region of
the landing area producing overlapping beams of

. differently modulated electromagnetic enérgy,
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and a receiver carried by the aircraft, said re-
celver comprising amplifiers for amplifying the
modulations of the beams, and an automatic vol-
ume control detector circuit connected for lim-
iting the gain of an amplifier of one of said modu-
lations, the amplifier of the other modulation
operating at substantially constant gain to ob-
tain dissimilar amplifications of said modulations
and hence a glide path departing from a straight
line. :

3. A method of landing aireraft blind compris-
ing, projecting overlapping beams of differently
modulated ultra high frequency electromagnetic
energy, receiving the beam signals on the air-
craft, detecting said signals, amplifying said de-
tected sighals by different amounts, one of said
signals being amplified at constant gain and the
other at a variable gain dependent on the strength

‘of such signal, rectifying said thusly amplified

signals, and flying the aircraft such that the rec--
tified signals are equal.

4. An ultra high frequency receiver for aircraft
in effecting' blind landings comprising, means for
superimposing feceived ultra high frequency sig-
nals upon a locally generated frequency and for
detecting said signals to produce intermediate
frequency signals, an automatic volume control
amplifier connected for amplifying sald signals,
an intermediate frequency detector connected for
detecting said intermediate frequency signals,
audio amplifiers connected for amplifying said
detected signals, and means for varying the ratio

- of the gains of the audio amplifiers in accord-
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construction and many apparently widely dif- -

ferent embodiments of this invention could be

'made without departing from the scope thereof,

it is intended that all matter contained in the
above description or shown in the accompanying
drawing shall be interpreted as illustrativeé and
not in a limiting sense.

Having described our invention what we claim
and ‘desire to secure by Letters Patent is:

1. In apparatus for landing aireraft, ultra high
frequency radio projecting means in the region
of the landing area producing overlapping beams
of electromagnetic energy, means for modulating
said beams at different frequencies, a receiver
carried by the aircraft, said receiver comprising
different amplifiers for amplifying the different
modulations of the beams, and means controlled
by the strength of the received energy for vary-
ing the amplification ratio’ between said differ-
ent amplifiers, thereby providing a glide path that
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ance with the strength 'of the received signals,
and means for indicating the difference in the
relative strengths of said amplified modulations.

*5. An ultra high frequency receiver for air-
crait in effecting blind landings comprising, -
means for amplifying the received differently -
modulated signals, means for detecting said sig-
nals, automatic volume control means, amplifiers
for amplifying said respective modulations, one
of said amplifiers being controlled from said
automatic volume control means so that said
modulations are amplified in different ratios de-
pending upon the strength of the received sig-
nals, rectifier means for rectifying said dmplified
modulations, and means for comparing the rela-
tive strengths of said rectified modulations.

6. In an apparatus for landing aireraft, ultra
high frequency radio projecting means in the
region of the landing area producing overlapping-
beams of differently modulated electromagnetic
energy, means on the aircraft for receiving said
differently modulated energy, means for detect-
ing said received energy to obtain the modula-
tions therefrom, means for separating said modu-
lations, means for amplifying one of said modu-
lations at constant gain and the other at vary-
ing gain depending on the strength of such modu-
lation, and indicator means supplied with said

. amplified modulations in opposition..
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7. In a method of guiding a craft with refer-
ence to a path deflned by the equl-signal zone
of & pair of overlapping lobes of directive radia-
tion in response to equal amplitude signals de-
rived from said respective lobes, the step com-
prising altering the apparent orientation of said -
path by unbalancing the unitary amplitude ratio
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of the signals derived ffom said respective lobes
while said craft is on said path.

8. In an instrument-landing system for air-
eraft, a method of defining a path for said air-
craft relative to an equi-signal zone formed by
two overlapping directive radistion patterns,
comprising providing an indication of the posi-
tion of said aircraft relative to said zone, and
modifying said indication as a function of the
tﬁ:]d,strensth.ot the combined radiation pat-

ns. :

9. In a methiod of guiding a craft with refer-’

ence to a glide path defined by the equi-signal
zone of & pair of overlapping lobes radiated di-
rectively from a transmitter, along which path up-
wardly-directing and downwardly-directing sig-
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nals derived from said lobes are of equal ampli-

tude, the steps comprising unbalancing the uni-
tary ratio of said amplitudes progressively as a
function of the field strength received from the
combined lobes, and regulating the craft motion
relative to said path so as to restore said ratio.

10. In a method of guiding a craft using as a
reference a guide path defined by the equi-signal
zone of s pair of overlapping lobes of directive
. radiation, the steps comprising deriving signals
as & function of the relative fleld intensities of
the respective lobes, maintaining said craft sub-

stantially on said path so as to maintain sald

signals of equal amplitude, progressively unbal-
ancing the unitary ratio of said amplitudes as
said craft approaches the source of said radia-
tion in response to a predetermined function of
field strength of the combined lobes, and there-
upon diverting said craft from said path to re-
store said ratio.

11.. In apparatus for landing aircraft, ultra high
frequency radio projecting means in the region
of the landing area producing overlapping beams
of electromagnetic energy, means for modulating
said beams at different frequencies, & receiver
carried by the aircratt, said receiver comprising
mesns for deriving signals from the moduiation
component of each of said beams, and means
controlied by the strength of the received energy
for varying the amplitude ratio between said re-
spective derived signals, thereby providing a.glide
path that varies from a straight line as the
landing area is approached. .

12. An ultra high frequency receiver for air-
craft in effecting instrument landings along a path
defined by differently modulated intersecting ra-
diant energy lobes, comprising means for ampli-
fying the received differently modulated signals,
means for detecting said signals, automatic vol-
ume control means, means for deriving " fly-up
and fly-down signals from said detected signals,
means for controlling the strength of said fly-
up signals relative to sald fly-down signals in
response to.said volume control means, and means
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for indicating whether said signals are of equal .

strength. .

13. In an apparatus for landing sircraft, radio

frequency energy projecting means in the region .

of the landing area producing overlapping beams
of differently modulated electromagnetic energy,
. means on the aircraft for receiving said differ-
ently modulated energy, means for detecting said

, 3

received energy to obtain the modulations there-
from, means for separating said modulations,

means for amplifying said modulations, indica-

tor means suppled with said amplified modula-
tions in opposition, and means responsive to the
combined strength of such modulations for vary-
ing the ratio of the amplifications of sald sep-
arate modulations.

14. A radio receiver for a craft following a path
defined by the equi-signal plane of & pair of in-
tersecting distinctively-modulated directive radia-
tion pstterns, comprising means for detecting the
modulation component of each of sald patterns,
means for indicating the relative strength of said
respective detected components, and means for

varying said relative strength as a function of -

the combined field strength of said patterns.

15.'A radio. receiver for a craft following a
path defined by the equi-signal Zone of a pair
‘of intersecting distinctively-modulated directive
radiation patterns, comprising means for detect~
ing the modulation component of each of said
patterns, an automatic volume control genera-
tor( means for indicating the relative strength
of said  respective detected components, and
means for varying said relative strength as a
function of the output from said generator.

16. A radio receiver for a craft following a
path’ defined by the equi-signal plane of & pair
of intersecting distinctively-modulated directive
patterns radiated from a transmitter, comprising
means for detecting the modulation component
of each of said patterns, means for deriving fly-
up and fly-down signals therefrom, meens for
comparing the relative strengths of said fly-up
and said fly-down signals, and means for auto-
matically Dprogressively varying said relative

strengths as said craft gpproaches said trans-

mitter. : .

17. An instrument landing receiver for aircraft,
comprising means for deriving signals from two
overlapping directive radiation patterns while

said aircraft proceeds along the equi-signal zone '

of said patterns, a glide-path indicator energized
by said signals in opposition, thereby providing
a neutral indication when said signals are equal,
means for deriving a potential as a function of
the fleld strength of said combined radiation
patterns, and means for applying a function of
said potential to said indicator, thereby shifting

sald jndication from said neutral indication.

18. An instrument landing receiver for aircraft,
comprising means
overlapping directive radiation patterns while
said aircraft proceeds along the equi-signal zone
of sald patterns, a glide-path indicator ener-
gized by sald signals in opposition, thereby pro-

-viding a neutral indication when said signals are

equal, and means for biasing sald indicator as a
funiction of the fleld strength of at least one of
said radiation patterns. .

WILLIAM T. COOKE.
_ SPERRY GYROSCOPE COMPANY, INC.,
Assignee of the Entire Interest, on Benalf of Ab-
bott-S. Maeder, Deceased. -
By HERBERT H, THOMPSON, .
: : Asst. Secretary.
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