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TUBES AT WORK 

Coordination of aircraft instruments using 
a cathode ray tube, introducing reverbera- 
tion in electronic organ music, and a long - 
distance television link 

Cathode -Ray Tube Used As 
Aircraft Instrument Indicator 
AT A RECENT MEETING of the Institute 
of the Aeronautical Sciences, P. R. 
Bassett and Joseph Lyman of the 
Sperry Gyroscope Co. described a new 
application of cathode ray tubes for 
the simultaneous indication of several 
instruments on the panel of an airplane 
in flight. The connections between the 
indicator and the various flight instru- 
ments are shown in the accompanying 
sketch. It will be noted that six sep- 
arate indicating instruments are con- 
nected to the device: A blind landing 
receiver, an artificial horizon instru- 
ment, the directional gyro, the alti- 
meter, the air speed meter, and the 
radio compass. Indications of four of 
these devices are made to appear on 
the screen of the cathode -ray tube 
simultaneously. Furthermore, the in- 
dications are so coordinated that the 
pilot has a continuous indication of 
the position of the plane with respect 
to the ground and its attitude in flight. 

The front surface of the cathode -ray 
tube screen is shown in the figure. 
There are four traces indicated on the 
screen. At the top a short vertical 
trace is the indication for the direc- 
tional gyro compass, used in conjunc- 
tion with the scale in degrees just 
above it. At the center of the screen 
is a long horizontal line which is con- 
trolled by the artificial horizon instru- 
ment in such a way that the line always 
maintains the position on the true hori- 
zon. The central circle of light is 
controlled by the blind landing receiver 
when landing, or by the altimeter when 
in level flight. Finally, the short hori- 
zontal bar below the center line is con- 
trolled by the air speed indicator. 

These four indications are produced 
on the cathode -ray screen by a com- 
mutating connection between the sev- 
eral instruments and the control grid 
and deflection plates of the cathode -ray 
tube, at a rate of 60 cycles per second. 
As a result of this high commutation 
rate, each trace of light appears to be 
continuously illuminated without flicker 
although actually each of the indica- 
tions is laid down in succession. The 
electrical connection between the sev- 
eral operating instruments and the 
cathode -ray indicator is made through 
small Selsyn remote metering devices. 
These are extremely delicate magnetic 
pick -up devices which operate over a 
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three -phase system to transmit an indi- 
cation of the rotation of each of the 
instruments named. 

Thus when the plane changes direc- 
tion, the indicator of the directional 
gyro compass moves with respect to 
its case. A small magnetic element 
attached to the compass member moves 
also and in doing so it moves past a 
three -phase winding of the Selsyn de- 
vice which is attached directly to the 
case of the instrument. This Selsyn 
transmits over a three -wire system the 
indications which produce a correspond- 
ing change in the position of a receiving 
Selsyn motor associated with the com- 
mutator. The receiving Selsyn rotates 
in such a way as to produce a change 
in the direct voltage applied to the 
horizontal deflecting plate from the 
cathode -ray tube. In this way, the 
short vertical line at the top of the 
screen is moved to the left or right in 
direct proportion to the motion of the 
directional gyro compass. Similar con- 
nections are used between the blind 
landing receiver (whose output con- 
sists of direct voltages giving the posi- 
tion of the plane as above or below and 

to the left or to the right of the landing 
beam) . 

The commutating device is rather in- 
volved since it must not only apply a 
wide variety of varying potentials to 
the cathode -ray tube deflecting plates 
and control grid, but it must also be 
responsive to small rotational changes 
transmitted to it from the several con- 
trolling instruments. 

In addition to the cathode -ray indi- 
cation, there are two lamps in the 
upper corners of the face of the instru- 
ment which light when the plane passes 
through the radiation pattern of two 
marker transmitters, one two miles 
from the airport (which lights a green 
light in the upper left -hand corner) 
the other at the airport edge (which 
lights the red light in the upper right - 
hand corner). Also, a ball indicator is 
used to show the shift to the center of 
gravity of the plane relative to the 
vertical. 

The commutating device is mounted 
directly on the shaft of the rotary 
converter instrument which produces 
all of the necessary voltages, including 
the high voltage for the cathode -ray 
tube from an input of 12 volts from 
the plane's storage battery. Required 
input power is about 100 watts. The 
entire device weighs about 60 lb ex- 
clusive of the controlling system. 

In flying the plane the pilot con- 
siders that the indications on the cath- 
ode -ray tube screen are stationary, and 
that the small figure of a plane which 
is painted on the base of the instru- 
ment is capable of motion. That is, 
"he flies the plane toward the marks" 
as though they were stationary ref- 
erences or on the ground. All of the 
controls of the plane are coordinated 
with this type of indication. Thus, for 
example, when making a blind landing 
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the pilot sees to it that the wings of 
the figure at the plane are maintained 
parallel to and on the line which indi- 
cates the horizon, and at the same time 
that the fuselage (central portion of 
the plane) is maintained directly within 
the circle of light which operates under 
the control of the blind landing receiver. 
If the plane follows through this "tun- 
nel" it will come to the surface of the 
airport at the proper landing angle. 
On the other hand, if it gets above or 
below the beam, the figure of the plane 
moves correspondingly above or below. 
The short line at the bottom which 
indicates air speed is maintained so 
that its position is almost directly under 
the airplane, which indicates that land- 
ing speed is being maintained. If the 
line drops lower the speed of the plane 

Position of flight -ray indicator on 
airplane instrument board. The in- 
dications coordinate as many as 
four instruments simultaneously, 
doing so without confusing the pilot 

Details of luminous traces which 
show plane's direction and speed. 
The traces from top to bottom are 
gyro compass indication. artificial 
horizon, blind landing (or altimeter, 

in center) and air speed 
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100,000 Fastenings A Day 
NO PLACE FOR "DOUBTFUL" SCREWS! 

That's Why PHILCO RADIO Specifies 
Parker -Kalon Self- tapping Screws 

YOU may make only 1000, instead of 100,000 fastenings a day, but 
you'll benefit, too, by avoiding "doubtful" screws ... screws that 
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takes only a few trouble- makers in any lot to more than offset any 
savings in first cost. 
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veloped equipment and guaranteed by Parker -Kalon's Quality -Control 
Laboratory. Parker -Kalov Corp., 200 Varick Street, New York. 
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FACTS 
to solve 

is dropping in proportion, and when 
the line approaches the small black 
marker, it is a warning that the stalling 
speed of the plane is being approached. 
In level flights the landing receiver is 
disconnected and the altimeter is 
switched in position. The altimeter 
then controls the central circle of light 
causing it to move above or below the 
plane as the plane moves below or above 
the reference altitude which is set on 
the altimeter itself. 

The new flight ray indicator can be 
used exclusive of all the other instru- 
ments while making a landing as well 
as during level flight, although its func- 
tion is simply to repeat the indication 
of instruments located elsewhere in the 
plane. The flight ray indicator may be 
installed in duplicate at several posi- 
tions on the plane so that not only the 
pilot but the other members of the op- 
erating crew of a large ship may be 
apprised of the flight movement. 

Artificial Reverberation for 
Electronic Organ Music 
The "traditional" tone of the pipe 
organ resides not only in the structure 
of its pipes and the manner of blow- 
ing them, but also in the acoustics of 
the church or hall in which the organ 
is heard. Since most organs are heard 
in large stone churches where the de- 
gree of reverberation is high, the echo 

POLICE USE PORTABLE 
RADIO TO OBTAIN 

EVIDENCE 

Two New York policemen wearing 
complete radio transmitting and re- 
ceiving equipment, having a range 
of several hundred feet, which is 
used for obtaining evidence. The 
complete radio equipment is worn 
as a wide belt, with the microphone 

under the carrier's vest 
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effect has come to be an important 
part of conventional organ tone. In 
the electronic organ, the same effects 
arise if the organ is played in a large, 
acoustically "live" hall, but when the 
organ is played in a small room or an 
acoustically treated broadcast studio, 
reverberation is so small that it is 
virtually absent and the tone, although 
it may approach the harmonic content 
of the pipe organ tone very closely, 
seems to be quite different to the ear. 

The recreation of reverberation ef- 
fects artificially has recently been ac- 
complished by Laurens Hammond, of 
the Hammond organ interests. The 
reverberation unit is about three feet 
long, and it may be mounted in the 
output cabinet (loudspeaker enclosure) 
of the conventional Hammond organ. 

Reverberation device which uses a 
spring for sound transmission 

Part of the electrical output of the 
organ proper is fed directly to the 
loudspeaker in the usual manner, thus 
supplying the basic tone output. The 
remainder of the output is fed to a 
driving unit resembling the voice coil 
of a dynamic loudspeaker. This unit 
produces practically no audible output, 
but it is coupled mechanically to a 
group of coiled springs which transfer 
the mechanical vibration from the 
driving coil to a group of Rochelle salt 
piezo -crystal elements. These pickups 
in turn transform the mechanical vi- 
bration back to electrical energy, which 
is then fed after amplification to the 
loudspeaker. The passage of the sound 
energy through the springs introduces 
a calculable delay, corresponding to 
that which would occur in a large hall, 
between the direct and reflected com- 
ponents. 

The natural reverberation effect 
which occurs in large halls results 
from the reflection of the sound from 
many wall surfaces simultaneously. The 
reflected sound reaches the ear of the 
listener at corresponding different 
times, and the result is an undefined 
echo which has the effect of prolong- 
ing and enriching the original tone. 
In the Hammond reverberation device, 
the effect of simultaneous reflect' n 
from several surfaces is obtained by 

SPECIALS, too 
Any size or shape that can be cast, 

machined, extruded or pressed can 

be fabricated to your specifications 
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Our technical staff is prepared to 
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Your Order Gets Action 
Flexible production schedules and 
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