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The present invention relates to the automatic
gain control of amplifiers. More particularly the
invention relates to a system for varying the gain
of an amplifier in accordance with variations in
air pressure.

It has been the experience of members of the
flight crews of airplanes that, as the altitude of
their crafts increased, the loudness of the sound
produced hy the head phones or loudspeakers of

their “intercom” systems or radic receivers de- |

creased, and as their altitude decreased the loud-
hess of the sound produced by the headphones
or loudspeakers increased.

An explanation of this phenomenon is that,
for a given excursion of the diaphragm of an
electro~-acoustical transducer, the pressure in the
ear canal, which determines, to a great extent,
the loudness of the sound heard, is substantially
“determined by the density of the medium in
which the sound is being produced. The density
of air is substantially different from ground level
up to 40,000 feet and varies quite rapidly with
changes in altitude over this range.

In order to compensate for changes in loud-
ness with changes in altitude, it has heretofore
been necessary to change the gain of the audio
amplifiers used in the systems, thereby changing
the amplitude of the excursion of the diaphragm
of the electro~-acoustic transducer. It is readily
appreciated that this constitutes a nuisance and
distraction to a fight crew upon takeoffs, land-
ings, or other altitude changes, when their atten-
tion must he devoted to the many complex tasks
involved in modern fiying without having to either

vary the audio ampiifier gain control or try to =

hear sound signals which are becoming fainter
or louder.

It is therefore an object of my present inven-
tion to provide a gain control which automatically
compensates for changes in altitude.

It is a further object of my present invention
to provide an adjustable gain control for audio
amplifiers which automatically compensates con-
tinuously for changes in altitude or air pressure,

It is still a further ohject of my present inven-
tion to provide means to maintain the output
heard frem 2 sound signal amplifying system sub-
stantially constant with changes in altitude.

These and other objects are achieved, in ac-
cordance with my present invention, by means
of an atmospheric pressure responsive device hav-
ing a movable element responsive to the ambient
pressure, and a miniature type electronic variable
¢ resistance tube the impedance of the space path
‘-of whieh is varied by the movement of a control
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electrode which is coupled to the aforesaid mov-
able element. A variable grid bias voltage is
derived from the electronic variable resisiance
tube and is impressed upon one of the early
stages of a sound amplifying system as a sup-
blementary control kias fo vary the output so
that the signal heard from the electro-acoustic
transducer being driven by the amplifier is main-
tained substantially constant with changes in
air pressure.

The novel features of the invention as well
as the invention itself, both as to its organiza-
tion and method of operation, will best be un-
derstood from the following description, when
read in connection with the accompanying draw-
ing in which;:

Trig. 1 shows a curve of bressure in pounds per
square inch versus height in feet,

Fig. 2 shows curves of (1) loss in ear sensitivity
with increase in altitude, and (2) the required
gain in amplitude of audio signals with increase
in altitude to compensate for the loss in ear sen-
sitivity, .

Fig. 3 shows in cross section one embodiment
of my invention for generating a voltage the am-
plitude of which is dependent upon the external
air pressure, )

Fig. 4 shows a schematic of a typical applica-
tion of my invention for controlling the output
of an intercommunication system in accordance
with the altitude,

Fig. 5 shows a typical curve of the variation
in resistance of the electron tube of the type
shown in Fig. 3 with changes in altitude, the curve
having been obtained from an embodiment of my
invention which was built, and

Fig. 6 shows a typical curve of the variation
of - the output voltage available for control bias
with changes in altitude, this curve having also
been obtained from an embodiment of my inven-
tion which was built.

Referring more particularly to the drawing,
there is shown, in Fig. 1, a curve 18 of the change
in pressure in pounds per square inch with the
inerease in altitude from ground level up to 40,000
feet. The pressure at ground level is substan-
tially 14.7 pounds per square inch and as the alti-
tude increases, this pressure substantially de-
creases until, at 40,000 feet, it is 2.8 pounds per
square inch. The change in pressure thereafter
is at a much slower rate.

In Fig. 2 is shown a curve i2 of the loss in
hearing sensitivity in the ear as the altitude above
ground is increased. Also shown is the curve 14

63 for the gain in the amplitude of audio signals
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required to compensate for the loss in sensitivity
of the ear caused by decreased ambient density
in order that the loudness of the sound heard
should remain substantially constant.

In Fig. 3 is shown an atmospheric pressure
sensitive device 1§ comprising a closed and sealed
chamber having fairly substantial, rigig walls {8
in order to withstand changes in air pressure.
One wall, however, has an opening {9 behind
which is maounted a conical diaphragm 28 which
moves in response to a pressure differential be-
tween the air pressure P1in the interior and that
on the outside P. The pressure Pi in the interior
of the chamber is set at 14.7 pounds, or sea level
pressure. A rod 22 attached to the apex 24 of
the conical diaphragm 2@ extends toward the
interior of the chamber and is movable with the
diaphragm 28. A bracket 2§ is mounted on a wall
{8 of the chamber and rigidly supports & minia-

ture electronic tube 28 having a metallic casing =

38 of clongated tubular shape as shown, and &
flexible, metallic diaphragm 82 forming a part of
the top casing structure. This flexible metallic
diaphragm 32 supports, at its center, a rod-like
elecirode element 34 which extends inwardly
from the diaphragm and has an external, rod-
like extension 36 which is mechanically con-
nected with the rod 22. The connection of the
electrode extension 36 with the rod 22 is at &
point in spaced relation o the electrode axis of
rotation (in the plane of the diaphragm i
whereby 2 desired degree of movement is im-
parted to the electrode proportionately to the
movement of the disphragm. This movement is
in g direction to cause & variation in the inter-
electrode space hetween the movable electrode 34
and a second, fixed electrode 38 which is insulated
from the casing 30 and has an insulated, ex-
ternal connection lead extending therefrom as
indicated. 'The movable electrode 34 is conduc-
tive and is connected with the diaphragm 32 and
the casing, both of which are metallic or con-
ductive and thus provide an electrical connec-
tion to the movable electrode. The connections
43 to the movable and the stationary electrodes,
as well as to the filament of the tube 28 are made
through the chamber wall using an air tight
pressure seal 42,

The miniature tube 28 may be of the type
shown, described, and claimed in the copending
application of Harry F. Olson, Ser. No. 706,987,
filed October 31, 1946, for “mlectronic Trans-
ducers,” now Patent No. 2,401,390, issued Decem-
ber 13, 1945. As pointed out therein, the control

electrode 34 is supported and fulcrumed at the 3

diaphragm 32, Therod extension 88 and the por-
tion of the movable electrode 34 within the tube
3§ are of such dimensions that relatively small
forces applied by the rod 22 %o the extension 25

produce displacements of the electrode 34 which ¢

are of measurable and significant magnitudes.
The tube 28 therefore provides, in effect, an elec-
tronic variable resistance device.

In Fig. 4, there is shown & system employing a
transmitter, such as s microphone 44 used in an
intercommaunication system, which impresses
audio signals on an input transformer 48. The
output from the transformer 4§ is impressed on
the control grid 64 of a first audio amplifier tube
43, the output from that stage is applied to a
second amplifier tube 59, and the output from
the second ampiifier tube 50 is applied to an oub-
put transformer 52. 'The output from the trans-
former 52 is applied to a receiver, such as the pair
of headphones 54 shown.
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Thus far there has been described 2 typical
intercommunication system comprising & micro-
phone, an audio amplifier and a pair of head-
phones. In order to compensate for changes in
altitude, the pressure sensitive, electronie, varia-
ble resistance tube 28 has applied across its
electrodes a source of D.~C. bias 5§ in series with
o variable resistance 53. That end of the sec-
ondary winding of the input transformer which
is not connected to the grid of the first audio am-
plifier is connecied to one end of the variable re-
sistance 58. The other end of the variable re-
sigtance is connected to ground or to some other
suitable point of constant potential. The cathode
of the first sudio amplification stage is con-
nected to a source of grid bias §9. A condenser
82 connected in parallel with the variable re-
sistance 58 is for the purpose of by-passing any
audio signal which might otherwise be set up
across the resistance §3.

The grid bias 60 and the variable resistance 58
are hoth set at sea level to a value where the
sudio signal provided by headphones 52 has the
desired intensity. As the altitude of the air-
plane or other aireraft in which this intercom-
munication system is located is increased, the
pressure of the atmosphere is gcorrespondingly
decreased, as shown by the curve {8 of Fig. 1.
The pressure P inside of the enclosed chamber
which was sealed at sea level therefore forces
the conical diaphragm 28 cutwardly causing it
to move in proportion to the differences in pres-
sures. This causes the electrode 3% of the elec-
tronic device to move proportionately closer to
the fixed electrode 38. In turn, this produces
decreased interelectrode resistance in the tube
98, and an increased current flows across the
variable resistance 8. The grid bias applied to
the grid 84 of the firsi audio amplifier tube 48 is
thereby increased causing it to go more positive
and thus increasing the amplification of the
tube 48. The amplitude of the signal applied to
the headphones 54 will consequently be similarly
increased.

As the aireraft kegins to descend, the increas-
ing pressure P on the outside of the chamber
produces a reduction in the pressure differential
which causes the diaphragm 28 to move into the
chambsar, thus causing the movable electrode 34
to move away from the fixed electrode 38 with
a consequent decrease in the voltage E; set up
across the variable resistance 33. Therefore, the
gain of the amplifier tube £8 is automatically de-
creased with a decrease in altitude. The system
thus aeis to continuously automatically compen-
sate for the change in sensitivity in the ear with
changes in altitude by correspondingly varying
the gain of the amplifier.

A tvpical empodiment of my invention was
built using the schematic shown in Fig. 4. A
voltage of 150 volis D. C. was applied across the
electronic variable resistance tube 2§ and a varia-
ble resistance 53 of approximately 160 chms was
used. Meagsurements were taken of the changes
in resistanece across the electronic variable re-
sistance tube 28 and alse of the volbtage Ei de-
veloped across the variable resistance 58 with
chenges in altitude. The curve §3 in Fig. 5 shows
that the resistance of the variable resistance tube
28 varied from approximetely 50,000 ohms at
seal level to approximately 10,060 ohms a2t an

altitude of 40,000 feet.

The curve 88 in Fig. 6 shows that the voltage
available for control purposes, using components
having the above designated values, ranges from
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approximately three volts at sea level to 15 volts
at 40,000 feet. It may also be seen that the
curve 66 is substantially similar to the curve 14
which shows the required increase in compensa-
tory amplification.

Using a 6D6 vacuum tube as the tube 48, with
a fixed grid bias of approximately 15 volts and
approximately 100 volts D. C. applied to the plate,
and using the circuit shown in Fig. 4, the variable
resistance 58 was adjusted so that sound of suit-
able amplitude was supplied by the headphones
54 at sea level. Measurement was then taken
of the resultant bias voltage Eg available at the
control grid, and it was found that, at sea level,
the bias voltage was minus one volt and at 40,000
feet it was increased to minus 13 volts, as shown
by the curve 68 in Fig. 7. The resultant volume
of sound heard in the headphones over the range
of altitude remained substantially constant.

From the foregoing description, it will be
readily apparent that I have provided an im-
proved system or apparatus for continuously
compensating for the loss in sensitivity of the
ears to the sound received from an electrical
transducer with changes in the density or pres-
sure of the air. Although I have shown and de-
scribed but a single embodiment of my present
invention, it should be apparent that many
changes may be made in the particular embodi-
ment herein disclosed, and that many other em-
bodiments are possible, all within the spirit and
scope of my invention. For example, the con-
trol voltage produced with the pressure sensitive
apparatus of my present invention may be ap-
plied to other stages of an audio amplifier or pre-
amplifier besides the input stage, in order to ob-
tain desired results. Purthermore, it may be
pointed out that, in addition to being useful to
compensate for changes in altitude incident to
travel in an airplane, my present invention has
use in other applications, as in compensating for
the effects of changes in air bressure upon de-
scending into mines or caves, in compression
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chambers, diving, etc. Therefore, I desire that
the foregoing description shall be taken as illus-
trative and not as limiting, )

What is claimed is:

Apparatus to derive a control voltage depend-
ent upon altitude comprising an enclosed cham-
ber having a movable diaphragm as part of its
wall structure, said diaphragra being exposed
to and movable in response to atmospheric pres-
sures, the remainder of said chamber walls being
sufficiently rigid to withstand changes in ambient
bressure, a variable resistance tube mounted in-
side said chamber, said variable resistance tube
having a movable control electrode therein for
varying the space path impedance thereof, said
movable electrede extending externally of said
tube and being mechanically coupled to said di-
aphragm to be movable in unison therewith,
means including a variable resistance to derive
a voltage from said variable resistance tube hayv-
ing an amplitude dependent upon the space path
impedance thereof, an audio amplifier having
amplitude control means, a source of audio sig-
nals coupled to said amplifier, an electro-acoustic
transducer coupled to the output of said audio
amplifier, and means to impress said voltage upon
said amplitude control means whereby the am-
plitude of the signals heard from said electro-
acoustic transducer is continuously maintained
substantially constant with changes in altitude.
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