
Nov. 23, 1948. C. J. CRANE 2,454,503 
AUTOMATIC AURAL-WISUAL SIGNAL TRANSITTER 

FOR AVIATION GROUND TRAINERS 
Filed March 30, 1940 w 8 Sheets-Sheet 

C -es 
art Sea -e o W 

M1 moa 

C17aal u/. Ca1%Waf 

2227s 

  



Nov. 23, 1948. C. J. CRANE 2,454,503 
AUTOMATIC AURA-VISUAL SIGNAL TRANSMITTER 

FOR AWATION GROUND TRAINERS 
Filed March 30, 1940 8. Sheets-Sheet 2 

- Fig- 2 - 

- Fig. 3 

/Maraw roa 

C-7aal u/. Ca1%Ya 
  



Nov. 23, 1948. C. J. CRANE 2,454,503 
AUTOMATIC AURAL-VISUAL SIGNAL TRANSMITTER 

FOR AVIATION GROUND TRAINERS 
Filed March 30, 1940 8 Sheets-Sheet S 

it in it 
For 

NYPap 

2 

s 

Ma/FM roa 
C-17aal u/. Caa/Ma 

- 22-2. 
17 oat-Ways 

  



Nov. 23, 1948. C. J. CRANE 2,454,503 
AUTOMATIC AURAL-WSUAL SIGNAL TRANSMITTER 

FOR AWATION GROUND TRAINERS 
Filed March 30, 1940 8 Sheets-Sheet 4 

MW/atawraae 

C-47aal u/. Ca2Ma 

- 2'4's 

  



Nov. 23, 1948. 's C. J. CRANE 2,454,503 
AUTOIATIC AURA-VISUA SIGNA, RANSER 

FOR AWAION GROUND RANERS 
Filed arch 30, 1940 8. Sheets-Sheet 5 

- Figl lo 

El 

awl/asawroa 

C-47aal u/. Cas1Ma 

9 - 2'. 

  

  

    

  

  



Nov. 23, 1948. C. J. CRANE 2,454,503 
AUTOMAIC AURAL-VISUAL SIGNAL TRANSTER 

FOR AWATION GROUND RANERS 
Fied arch 30, 1940 8. Sheets-Sheet 6 

- Arg-15 

C-17 a.4 u/. Cata/Yas 

1sual 

  



Nov. 23, 1948. C. J. CRANE 2,454,503 
AUTOMATIC AURAL-VISUAL SIGNAL TRANSMITTER 

FOR AVIATION GROUNDTRAINERS 
Filed arch 30, 940 8. Sheets-Sheet 7 

to aowaze awazirae 
Aanew crecur 

apo eawea 
6AVA. 6AMA2A - 

f60 M56 

aw agawea 

C-7azu/. Cal4Ma 

(as 
1. a Masya 

    

  



2,454,503 C. J. CRANE 
AUTOMATIC AURAL-VISUAL, SIGNAL TRANSMITTER 

Nov. 23, 1948. 

8 Shoots-Sheet 8 FOR AVIATION GROUNDTRAINERS Filed March 30, 1940 

-- - - - - as 

- g ] - E?I 

M1 wroat 
C-7azl u/. Ca2Ma 

W. 
true 

MY1st 

a/ 

  

  



N - N. 
N-1 

Patented Nov. 23, 1948 2,454,503 

UNITED STATES PATENT of FICE 
2,454,503 
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20 Claims. 

1. 
The invention described herein maybe manu 

factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 
This invention relates to a novel photoelectric 

means for transmitting positional information to 
the occupant of an aviation ground trainer, in 
accordance with the position of a course indicator 
on a reference surface, the course indicator being 
controlled by the trainer in such a manner that 
its movement represents, to a reduced scale, the 
simulated flight course of the trainer. 
Aviation ground trainers for instructing stu 

dents in the art of instrument flying are well 
known and generally comprise a dummy aircraft 
tiltably and rotatably mounted on a base and 
actuated by power means under the control of 
the occupant, to simulate all of the normal flight 
maneuvers of an airplane in flight. Trainers of 
the type described are also provided with instru 
ments which simulate the indications of corre 
sponding flight instruments used on aircraft for 
determining the various attitudes of an airplane 
during flight. For a more complete description 
of one form of trainer of the type above de 
Scribed, reference may be had to United States 
Patents Nos. 1,825,462 and 2,099,857 granted to 
Edwin A. Link, Jr. 
In conjunction with aviation ground trainers, 

it is customary to employ an automatic course 
indicator, or recorder, which indicates or traces 
the simulated flight course of the trainer and is 
directionally controlled thereby. Such automatic 
course indicators comprise a frame supported on 
steerable rollers and the steering means inter 
connecting the rollers with an electric motion 
transmission receiver, which is controlled by a 
transmitter unit, in turn actuated by change in 
the azimuth heading of the trainer. At least 
two of the supporting rollers, generally three 
in number, are provided with driving means in 
the form of Small electric motors, which may 
drive the course indicator over the surface of a 
record table at a velocity proportional to a simu 
lated velocity in flight of the associated ground 
trainer. The third roller may be inked by a felt 
pad and serves as a marker wheel to record-the 
simulated flight course of the trainer on a suitable 
record sheet or map. The position of the marker 
wheel relative to the record map serves as an 
indicator of the position of the recorder apart 
from its function as a marker wheel. For a more 
detailed description of one form of automatic 
course indicator of the type described, reference 
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may be had to United States Patent No. 2,179,663, 
granted to Edwin A. Link, Jr. 

Instruction in the use of radio navigational 
aids employed particularly to blind flying, by 
simulated flights with aviation ground trainer 
apparatus, is accomplished by providing a signal 
System which may be actuated to give signals 
simulating the signal received by an aircraft 
flying on a radio range. The course indicator 
nOWes OVer a chart laid out to represent one or 
more radio ranges, and the instructor watches 
the movement of the course indicator relative 
to the assumed radio range on the record chart 

- and actuates the signal system manually to 
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transmit the proper signal to the student in the 
trainer cockpit. As the course indicator ap 
proaches the simulated radio range station on 
the record chart, the instructor must also actuate 
the volume control to vary the signal volume, 
and when the course indicator reaches the cone 
of silence Zone, the signals must be cut off and 
again renewed with the proper character and 
volume as the course indicator moves out of the 
cone of Silence Zone. The manual actuation of 
the signal generator is subject to personal errors 
On the part of the instructor and renders diffi 
cult the comparison of results under the direc 
tion of different instructors. For a more de 
tailed description of one form of manually ac 
tuated signal control system of the type above 
described, reference may be had to my United 
States Patent No. 2,110,869, pertaining to elec 
trical signalling apparatus. 

In order to avoid the errors incidental to 
manual actuation of a radio range signal gen 
erator, the present invention incorporates a novel 
photoelectric means, which cooperates with a 
light Source and an aviation ground trainer 
course indicator to transmit automatically an 
aural or visual signal to the student in the trainer, 
indicative of the position of the course indicator 
on the reference table, relative to a predeter 
mined point on said table, representing, for ex 
ample, a radio range or a landing runway lo 
calizer beam transmitting station. 
A further feature of the invention is the em 

ployment of the photoelectric means above noted, 
to actuate a visual indicator located adjacent the 
manual-control means for the conventional aura 
radio range signal generator, to indicate the type 
and approximate signal volume which should be 
transmitted to the student in the trainer, by the 
instructor, thus relieving the instructor from the 
necessity of watching the marker wheel position 
while manipulating the manual signal, control. 
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The system is arranged so that it may be Switched 
from full automatic to semiautomatic operation, 
at the option of the instructor. 
The invention further provides a means for 

utilizing a photoelectric device to indicate the 
heading of the aviation ground trainer and 
course indicator relative to an assumed landing 
runway, represented on the reference chart, in 
combination with a means response to the Simla- . 
lated rate of descent of the ground trainer and a 
photoelectric means controlled by the course in 
dicator in accordance with its distance from a 
predetermined point on the axis of the simulated 
landing runway, to simultaneously indicate the 
heading of the trainer relative to the runway 
and its simulated descent relative to a prede 
termined glide path, to thereby enable a simu 
lated instrument blind landing to be made in the 
ground trainer. In conjunction with the blind 
landing apparatus, a further photoelectric device 
is used to actuate marker beacon signal simulai 
ing means mounted in the trainer cockpit to indi 
cate predetermined points on the simulated land 
ing runway. 
The principal object of the invention is the 

provision, in combination with an aviation 
ground trainer and a course indicator direction 
ally controlled thereby, of a photoelectric means 
and a light source mounted on the course indi 
cator and movable therewith, cooperating with a 
translucent record placed between the light 
Source and the photocell device, to cause said 
photocell device to control the transmission of 
positional signals to said trainer. 
A further object of the invention is the pro 

Vision of a photoelectric means responsive to the 
movement of a course indicator for an aviation 
ground trainer, for indicating the position of 
Said course indicator relative to a predetermined 
point on a supporting surface, the photoelectric 
means including a photocell device, a light source, 
and a translucent record placed between the light 
Source and the photocell device, so that relative 
movement between the light source and the 
translucent record causes said photocell device to 
control the transmission of a visual or aural sig 
nal to a single-receiving means connected thereto. 
A further object of the invention is the pro 

vision, in an aviation ground training system, of 
an aviation ground trainer, a course indicator 
directionally controlled by said trainer, a refer 
ence surface Supporting said course indicator, a 
photoelectric device responsive to the variation in 
the position of Said course indicator from a pre 
determined position and connected to control the 
character of an aural or visual signal receiver, 
and a second indicator device, including a photo 
electric device responsive to the change in dis 
tance of said course indicator from a predeter 
mined point on said reference surface and to the 
simulated rate of descent of said trainer, to indi 
cate Simulated descent of said trainer relative 
to a predetermined simulated glide path. 
A further object of the invention is the pro 

vision of a novel photoelectric means for actuat 
ing marker beacon simulating signal means 
mounted in the cockpit of an aviation ground 
trainer, in accordance with the position of a 
course indicator directionally controlled by said 
trainer, at predetermined points on a desired pre 
determined course of said course indicator. 
A further object of the invention is the pro 

vision, in combination with a Course indicator 
having a photoelectric cell and a light source 
mounted thereon and movable therewith, of a 

0 
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4. 
translucent record placed between said light 
source and said photocell, the said record having 
portions thereof of varying degrees of trans 
lucency in a predetermined pattern, such that 
the departure of said course indicator from a 
predetermined course will cause said photocell to 
control an aural or visual indicator to indicate 
the deviation of said course indicator from Said 
predetermined course. 
Other objects of the invention will be apparent 

by reference to the specification and the appended 
drawings, in which: w 

Fig. illustrates, partly in section, a general 
assembly of the elements of the invention as used 
in conjunction with an aviation ground trainer: 

Fig. 2 illustrates a top plan view of the record 
table taken along section line 2-2 of Fig. 1; 

Fig. 3 is a side elevation, partly in section, of 
the course indicator, or recorder, employed in 
the invention according to Fig. 1; 

Fig. 3a illustrates, partly in section, an attach 
ment for use with the course indicator illustrated 
in Fig. 3, whereby three photocells may be simul 
taneously employed; 

Fig. 4 illustrates one form of translucent rec 
ord, called an A signal record, for use in Con 
junction with the devices of Fig. 1; 

Fig. 5 illustrates a second form of translucent 
record similar to that illustrated in Fig. 4 and 
called an N signal record; 

Fig. 6 illustrates a form of translucent record 
employed for indicating alignment with a simu 
lated landing runway; 

Fig. illustrates the type of translucent record 
employed in operating marker beacon signals; 

Fig. 8 illustrates a form of circuit used with a 
pair of photoelectric cells for direct actuation 

- of an indicator; 
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Fig. 9 illustrates a modified form of circuit, em 
ploying a single photoelectric cell and record; 

Fig. 10 illustrates schematically the apparatus 
employed in automatically transmitting aural 
radio range signals to the ground trainer in the 
device of Fig. 1; 

Fig. 11 illustrates the arrangement of Fig. 10; 
Fig. 12 illustrates schematically a means for 

semiautomatically transmitting the aural radio 
range signals to the trainer and for automation 
cally transmitting visual signals to the trainer 
with a switching mechanism for selecting the 
means of transmission of signals; 

Fig. 13 illustrates Schematically the form of cir 
cult employed with the device of Fig. 1 for blind 
landing instruction; 

Fig. 13a is a curve illustrating the requirements 
for light transmission in the glide path indicator 
of Fig. 13; 

Fig. 14 is a front elevation of the indicator of 
Fig. 12, taken on the line -3 of Fig. 12; and 

Fig. 15 is an illustration of a distance type 
translucent record employed in the system illus 
trated in Fig. 2. ' 

Referring to Fig. 1, the numeral represents 
an aviation ground.trainer tiltable and rotatable 
about the base 2. The trainer has associated 
therewith an automatic course indicator 5, mov 
able over the surface of the record table 3, which 
is enclosed by a hood 4, which prevents external 
light from entering. The interior of the hood 4 
is coated with a light-absorbing paint. The 
course indicator 5 is provided with a pair of pow 
er-driven rollers 6 and a marker wheel 0, which 
are steerable and interconnected to an electric 
motion transmission receiver, S2, which may be 
of the well-known "Sesyn" type. The receiver 
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Sa is electrically connected by a cable S1 to a 
corresponding transmitter S, the rotor of which 
is rotated by the trainer as it changes its azimuth 
heading. The course indicator is thus direc 
tionally controlled by the trainer . 
The course indicator 5 is provided with a pair 

of light sources, generally indicated by the refera 
ence numerals f2 and 5, respectively, and a pair . 
of photoelectric devices 20 and 25, respectively, 
which are adapted to cooperate with the light 
Source 2. A stationary translucent record 30 is 
placed between the light source 2 and the photo 
electric cell 20, and a similar record 35 is placed 
between the light source 2 and the photoelectric 
cell 25. The translucent records 30 and 35 are 
arranged to have varying degrees of translucency 
in predetermined patterns in a manner herein 
after more fully described, the movement of the 
course indicator 5 over the surface of the record 
table 3 causes light from the source 2 to pass 
through the translucent records 30 and 35 to 
impinge on the photoelectric cells 20 and 25, re 
spectively, to thereby generate electric currents 
which are carried by conductors in a cable 40 to 
a control cabinet 50 mounted on the trainer table, 
from which aura or visual signals are transmit 
ted by electrical conductors in a cable 55 to the 
cockpit of trainer . 
The translucent records 30 and 35 are each re 

spectively mounted in frames 3 and 36, which 
are enlarged at the ends to fit in a grooved 
vertical support 38, having a rack 39 secured 
thereto. (See Fig. 2.) The frames 3 and 36 
are each provided with a gear 33, which meshes 
with the rack 39, and the gears 33 are rotated 
by adjustment knobs 34 so that the translucent 
records 30 and 35 may be raised or lowered in a 
vertical plane to adjust the cone of silence Zone, 
as hereinafter more fully described. 

All of the electrical connections to the Course 
indicator, light sources, and photoelectric cells 
are made through a multiple contact plug 56. 

Referring to Fig. 3, in which a detail view of 
the course indicator employed is disclosed: The 

O 

devices through the plug 5 of Fig. 1. A similar 
"photronic" cell 25 is arranged in the casing 5 in 
spaced relation below the lens and concentric 
with the axis of marker wheel shaft 9. The 
"photronic' cell 25 is provided with output leads 
26 and 2, which conduct current generated by 
the cell 25 to external devices by means of plug 
56 of Fig. 1. 
The hollow arm 9 also serves as a support for 

a second light source assembly 5, which com 
prises an exciter lamp and a lens f, arranged 
So as to direct a beam of light vertically upward 
along the axis of the marker wheel shaft 9. The 
light projected from the lamp f 6 may be employed 
to form a spot on a ground glass screen 4' (Fig. 
1) in order to indicate the instant position of the 
course indicator to an observer or to trace the 
course of the indicator on sensitized blueprint 

5 
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35 
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paper, or it may be used, by adjustment of the 
lens, to cooperate with a photoelectric cell at 
tachment illustrated in Fig. 3a. 
A Small motor-driven fan 75 is mounted in the 

Casing 5 of the course indicator 5 and may draw 
air through screened openings 76 and 77 for cool 
ing the various lamps and preventing an undue 
rise in temperature. The heated air is exhausted 
through the opening 78 in the casing 5. 
As seen in Fig. 3a, a photoelectric cell 60, of the 

photronic type, is mounted on a lightweight tubul 
lar member 6, and the cell 60 is provided with 
output leads 62 and 63, which terminate in plug 
type terminals which can be inserted in the recep 
tor socket 64, also serving as a means for attaching 
the tubular member 6 to the course indicator 5. 
By means of the attachment 6, three photo 
electric cells may be employed simultaneously 
With as many associated translucent records. 

Figs. 4 and 5 illustrate the form of translucent 
records employed in the device of Fig. 1, for simu 
lating radio range signals; and, as seen in Fig. 
4, the record 30 comprises a circular disc made 
of glass or other similar light-transmitting mate 
rial and having two diametrically opposed sectors 
N, which are substantially opaque, and an opaque 

course indicator rollers 6 are adapted to be driven circular zone a at the center of the disc, repre 
by small electric motors supplied from a powers Senting the radio range cone of silence. The 
source (not shown). The rollers 6 are pivotally 
mounted on vertical shafts 8, rotatably mounted 
on the indicator frame, and the marker wheel to 
is similarly mounted on a vertical shaft 9. The 
shafts 8 and 9 are each connected by gearing to 
the "selsyn" receiver S2 in the manner shown, 
so that rotation of the rotor of the "Selsyn' re 
ceiver S2 causes an equal change in the azimuth 
heading of the rollers 6 and O. The roller 0 
may be inked by means (not shown) to leave a 
trace on a suitable record sheet or chart placed 
on table 3. The course indicator thus far de 
scribed is of well-known construction. The 
course indicator 5 is provided with a hollow metal 
housing 5’ having two parallel hollow horizontal 
arms 8 and 9, respectively. The arm 8 serves 
as a support for the light source 2, which com 
prises an exciter lamp and lenses 3 and 4, 
respectively, located below and above the exciter 
lamp and arranged to focus light from the lamp 

at points on the vertical axis of the marker 
wheel shaft 9. A photoelectric cell 20 of the type 
requiring no external battery, known as a 
"photronic' cell, is mounted in the hollow arm 
9 above and in spaced relation from the lens 
f4 and arranged concentric with the axis of 
the marker wheel shaft 9. The "photronic' cell 
20 is provided with output leads 2 and 22, which 
conduct current generated by the cell to external 
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remaining two-diameterically opposed sectors are 
divided into eccentric Zones from b to k, having 
graduated degrees of translucency from a density 
of transparency at Zone b to a considerable 
degree of opacity at zone k. The disc 35, illus 
strated in Fig. 5, is identical except that the 
opaque zones indicated as A are displaced-ninety 
degrees from the position of the N zones of Fig. 4. 
In both Figs, 4 and 5 the dotted lines , f' indi 
cate the position of the opaque zones of the other 
record when the records are superimposed. 
When the records 30 and 35 are superimposed 

in the manner illustrated in Fig. 1, light from 
the exciter lamp f will be directed by lens 4 
onto record 30, and light passing therethrough 
will inpinge on the surface of the “photronic' 
cell 20, generating a current proportional to the 
intensity of the light striking the cell. Light 
from exciter lamp will also pass downward 
through lens 3 and record 35 to impinge on 
"photronic' cell 25, generating a current therein 
proportional to the transmitted light intensity. 
If, for example, the course indicator is positioned 
such that the light strikes zones a on each rec 
ord, no light will pass through to cells 20 and 
25, and no currents will be generated. This posi 
tion represents the position directly over the 
transmitter station of a radio range and corre 
sponds to the Well-known cone of silence. If the 
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course indicator is positioned between the dotted 
lines f, (Fig. 4), light will pass through the 
record 30 in one of the Zones b, c, d, etc., depend 
ing on the radial distance of the axis of the 
marker wheel shaft 9 from the center of the discs, 
and the intensity of light falling on the photocell 
20 will thus be dependent on the Zone through 
which it passes. 
20 will cause a current to be generated thereby, 
which can be utilized for signal-generating pur 
poses. At the same time, light from exciter lamp 

will be projected downward on the semiopaque 
area A of record 35, and the intensity of light fall 
ing on photocell 25 will be very low and a very 
Weak current will be generated thereby. If the 
current generated by photocell 20 is employed in 
controlling the generation of the familar A signal 
of a radio range, and the current generated by 
cell 25 is similarly employed to control the gener 
ation of the familiar N radio range signal, for 
the condition above described, the A signal will 
be much stronger than the N signal, and hence 
will predominate. 

If the course indicator is positioned so that the 
light Source is within the N. Zone of record 3) 
(Fig. 4), the conditions above described Will be 
reversed, and the light passing from the exciter 
lamp upWard through Zone N of record 30 will 
cause only a feeble current to be generated by 
cell 20, while the light passing vertically down 
ward from lamp will pass through one of the 
translucent Zones b, c, d, etc., of record 35, caus 
ing cell 25 to generate a current dependent on 
the Zone through which the light passes. By 
utilizing the currents from cells 20 and 25 to re 
spectively control the intensity of the respective 
A and N radio range signals, the N signal will 
now predominate. 

It will be noted from Figs. 4 and 5 that, when the 
records 30 and 35 are superimposed in the man 
ner indicated, four narrow zones indicated by the 
letter X Will be formsd, in which light from the 
exciter lamp f can pass through each record with 
equal intensity and that the translucency will vary 
similarly for each record, in accordance with the 
radial distance from the disc centers. When the 
course indicator is positioned such that the light 
from exciter lamp passes through any one of 
these Zones, equal currents will be generated by 
the photocells 20 and 25, and the A and N signals 
generated under the control thereof will be of 
equal intensity; and if the signal generator is ar 
ranged to transmit the A and N signals Sequen 
tially, a continuous On Course radio range signal. 
will be heard in the usual headphones connected 
to the signal apparatus. It is thus Seen that re 
cords of the type disclosed in FigS. 4 and 5 may be 
employed for the purpose of transmitting radio 
range signals to the trainer, dependent on the 
position of the course indicator relative to an as 
sumed radio range station point on the record 
table, located at the point of intersection of the 
vertical axis passing through the disc centers with 
the table surface. Though the assembly of the 
disc, as seen in Figs. 4 and 5, is illustrated for a 
ninety-degree radio range, the records may be 
made to duplicate any desired radio range with 
any desired angles between the On Course signal 
legs. A 

Fig. 6 illustrates a form of record employed with 
a single photocell for indicating the deviation from 
a course aligned with a predetermined course, 
such as a simulated landing runway localizer 
beam. The record 70 is made of glass, or other 
similar material, and is mounted in a frame 7, 

The light reecived by the cell 

() 
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8 
similar to the frames 3 and 36 of the device of 
Fig. 1, and is adapted to be mounted in a similar 
manner on the guide 38 of Fig. 1. The record 70 
is divided into parallel Zones p to 2, inclusive, 
which are made of a progressively increasing de 
gree of translucency, or light-transmitting char 
acter, and the line m-m represents the line of 
constant density and also represents the axis of a 
predetermined landing runway localizer beam or 
other predetermined course. If the course indi 
cator 5 travels along line m-n, there will be no 
change in light intensity, while if the course indi 
cator moves to the right or left of the line m-n, 
in the direction of point m, there will be a greater 
or less intensity of light transmitted through the 
record, which - when impinging on a photocell 
- may be utilized for actuating a visual type in 
dicator in a manner hereinafter described. 

Fig. 7 illustrates a form of record which may be 
employed to actuate a marker beacon indicator by 
means of a photoelectric cell. The circular re 
cord 80 is mounted in a frame 8 which may be 
mounted on the vertical guide 38 of Fig. 1. The 
record 80 is made opaque except for the narrow 
transparent strips 82 and 83, which are spaced 
at predetermined distances from a landing field 
indicated by the letter P and shown only for pur 
poses of illustration. The strips 82 and 83 are 
Spaced along the line L-L Which represents the 
axis of the airport landing runway and the con 
ventional landing runway localizer beacon. The 
lengths of the strips 82 and 83 are made such 
that they represent approximately to a predeter 
mined Scale the width of the vertical marker bea 
COn transmitter radiation at predetermined alti 
tudes along the localizer beam. The record may be 
employed to flash a marker beacon signal lamp 
in the trainer cockpit by having a photocell actu 
ate a relay to close the marker beacon lamp cir 
cuit. As the course indicator 5 moves along the 
landing runway axis I-L, light from the exciter 
lamp will not pass through the record 80 except 
when the beam strikes the transparent strips 83 
and 82, at which time the photocell used in con 
junction with the exciter lamp will be energized 
and will close the lamp flashing relay. The marker 
beacon record is particularly well adapted for use 
with the record 70 of Fig. 6, which may be em 
ployed to indicate deviation from a predetermined 
landing runway localizer beam. 
The circular transparent spot 84 on the record 

80 of Fig. 7 is an illustration of the means for em 
ploying such a record for simulating the familiar. 

5 5 
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"Z' marker beacons used in conjunction with radio 
ranges, and the marker beacon signal apparatus 
in the trainer cockpit is operated in the same man 
ner as above described with reference to the land 
ing runway localizer beam marker beacon device. 

Fig. 8 illustration one form of circuit used in 
actuating a visual type indicator such as the indi 
cator 00 of Fig. 1, when visual reception of the 
radio range signals in terms of directional indi 
cations are desired. The course indicator 5 is em 
ployed in conjunction with the radio range A and 
N signal records 30 and 35, above described with 
reference to Figs. 4 and 5. The positive lead 22 of 
the "photronic' cell 20 is connected to the nega 
tive lead 26 of cell 25, and the negative lead 2 
of cell 20 is similarly connected to the positive 
lead 27 of the cell 25, the cells thus being con 
nected in opposition. The indicator f OO, a sensi 
tive Zero center type electrical meter, is connected 
in parallel across the interconnected photocell 
leads. The indicator dial is marked by the symbol 
I to indicate a deflection of the pointer to the 
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left, and R to indicate deflection of the pointer 
towards the right. In operation, if equal inten 
sities of light strike the photocells 2 and 2, each 
will generate equal amounts of current, so that 
there will be no potential difference across the 5 
meter terminals, and the pointer will remain cen 
tered. This condition will preval whenever the 
course indicator is in one of the On Course signal 
zones ac on the records 30 and , as previously de 
scribed. If the course indicator is moving towards lo 
the center of the discs and deviates to the right 
of the On Course ZOne into an A signal ZOne, the 
indicator will deflect to the right; and if the 
course indicator deviates toward the left into an 
N signal zone, the pointer will deflect toward the lis 
left. If the course indicator is moving away from 
the vertical axis passing through the record disc 
centers, the pointer deflections will be reversed 
from that above described for right and left de 
viations from an On Course signal leg. It will be 20 
seen, however, that whenever the course indicator 
is in an A signal Zone the pointer will be deflected 
to the right, and when in an N signal Zone the 
pointer will deflect to the left, depending, of 
Course, on the convention adopted. It is thus 25 
Seen that the symbols and R. of the indicator 
00 can be replaced by A and N symbols respec 

tively. While the circuit illustrated in Fig. 8 and 
the other circuits disclosed employ "photronic' 
type photoelectric cells, it is to be understood that 30 
cells of other types, such as the "selenium,' cae 
sium, etc., cells, may be used in conjunction with 
the necessary local battery or vacuum tube ampli 
fler. The photronic type of cell generates suffa 
cient current to actuate a sensitive meter, or re- 35 
lay, without the necessity of employing a local 
battery and is entirely satisfactory for the pur 
poses of the invention. The term "photocell' as 
used in the specification is thus intended to be a 
generic term covering all types of light responsive 40 
cells, irrespective of whether or not an additional 
power Source must be used in conjunction there 
With. 

Fig. 9 schematically illustrates a form of circuit 
employed when using a single photoelectric cell, 45 
such as the cell 60 of Fig. 3a, in conjunction with 
a translucent record of the type illustrated in Fig. 
6. The cell 60 (Fig. 3a) of the "photronic' type 
is connected in series with a sensitive electric 
meter Of, such as a microammeter, and a small 50 
adjustable resistance is is also connected in the 
line. When the cell 60 receives no light through 
the record 70 (Fig. 3a) from the exciter lamp 6 
(Fig. 3), the indicating pointer will be to the ex 
treme left of the scale, since no current will be 55 
generated by the cell; and as light impinges on 
the cell with increasing intensity, the pointer 
of indicator of will deflect to the right. In op 
eration with the translucent record 70, the resist 
ance 65 is adjusted so that the indicator pointer 60 
is centered when the course indicator light source . 
f5 is located on the constant density line m-n of 
the record 70, as illustrated in Fig. 6. If the course 
indicator passes along line m-n of the record 70, 
a constant intensity of light will be transmitted 65 
to the cell 60, and the pointer of indicator f' 
will remain centered. If the course indicator 
deviates to the right, assuming the course indi 
cator to be moving from point me towards point n, 
as seen in Fig. 6, the light from exciter lamp 6 70 
will pass through a zone of a greater degree of 
transparency and cause a correspondingly greater 
current to be generated by the cell D, causing a 
deflection of the pointer past the center index : 
to the right. If the course indicator should deviate 75 

O 
to the left, the light will pass through a zone of 
greater density, and light of less intensity will fall 
On the photocell, thus generating less current and 
causing the pointer to deflect to the left or the 
center index toward the zero point of the meter. 
The meter dial is provided with the L, R, and 
center indicia, in the same manner as provided 
on the indicator OO, as above noted. The cor 
relating of the indicia with a given direction of 
movement can be adjusted by reversal of the in 
dicator connections. 
The circuit of Fig. 9 is particularly well adapted 

to use in conjunction with the record TO of Fig. 6 
in a blind landing indicating system for use with 
a ground trainer, hereinafter more fully described. 

Figs. 10 and 11 illustrate the form of apparatus 
employed for automatically transmitting aural 
simulated radio range signals to the headphones 
worn by the student in the cockpit of the trainer. 
The apparatus is employed as a part of the device 
of Fig. 1 and, as seen in Fig. 10, the cells 20 and 25 
are each respectively connected to the relays 90 
and 92 through a manually controlled switching 
device 94. The relays 90 and 92 are each sensitive 
electrical meters having pointers 9 and 93, re 
spectively, which deflect from a zero position an 
amount proportional to the current developed by 
the respective cells 20 and 25 when cooperating 
with the radio range records 30 and 35, respec 
tively, of the device of Fig. 1. As best seen in Fig. 
11, the pointers 9 and 93 are each provided at 
their outer ends with arcuate translucent vanes, or 
shields, 95 and 96, respectively, each of which is 
made so as to continuously vary in translucence, 
or light-transmitting character, from a maximum 
value, such as transparent, at One end of the 
shield, to a minimum value, such as seniopaque, 
at the other end of the shield. The shields are so 
arranged that as the relay pointers deflect from 
the zero position, due to increase of current being 
generated by the associated photocell, the shields 
will permit an increased amount of light to pass 
therethrough. 

Referring again to Fig. 10, the shield 95 of the 
relay 90-is interposed between a light projector 
02 and a photocell 105 so as to intercept a beam 

of light transmitted from the projector to the cell, 
The projector fo2 comprises an exciter lamp O3, 
supplied with direct current from a source (not 
shown) and a lens system to 4 for focusing the 
light projected from the exciter lamp onto the 
light-sensitive element of the photoelectric cell 
05, which preferably is of the caesium or sim 

ilar type, employing a battery in conjunction 
therewith. Thus the intensity of light which falls 
On the light-sensitive element of the photoelectric 
cell 05 is dependent on the position of the trans 
lucent vane 95 of the relay 90, and the electro 
motive force developed in the circuit connected 
to the cell will be varied in direct proportion to 
the deflection of the pointer 9 and the trans 
lucent vane 95 of the relay 90. A light chopper 
wheel 06 having slotted apertures 06' (see Flg. 
11) is inserted in the path of the light beam from 
projector 02 to the translucent vane 95 of relay 
90. The chopper wheel is mounted on one end 
of the armature shaft ffs of an electric motor 

6, and the apertures 06' interrupt the light 
beam at a frequency sufficient to correspond to 
a desirable audible tone. An opaque shield iO7 
is interposed between the projector 02 and the 
chopper wheel 06 so as to completely block the 
light beam when the shield is in One position. The 
shield for is mounted on a pivot shaft 08, which 
has connected thereto an arm 09, which in turn 
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contacts any one of a plurality of cams 0, slid 
ably keyed to a shaft f, driven through a re 
duction gear 2 from a shaft f3, driven by a 
gear transmission 4 from the other end of the 
armature shaft 5 of the motor 6. One of the 
cams of the cam assembly 0 is cut so as to raise 
the arm 09 to move the shield 07 out of the path 
of the beam of light from the projector O2 for 
a short interval of time, corresponding to the 
Morse dot signal, and a short time interval later 
to again raise the arm 09 for a time correspond 
ing to a dash signal, the cam thus causing the 
light beam to be keyed one or more times per cam 
revolution to form the familiar dot-dash Or A 
signal. The other cams of the assembly may be 
Cut SO as to transmit other desired signals, such 
as Station-identifying signals. 
The translucent vane 96 of the relay 92 is in 

terposed between a light projector 24 and a 
photoelectric cell 25, similar in all respects to 
projector O2 and cell 05, previously described. 
The light beam from projector 24 is interrupted 
by the apertures 06', in the same manner as the 
beam from projector 02 is interrupted. A light 
interrupting shield 23, pivotally mounted by a 
shaft 22, is provided with a cam follower arm 
2f, which engages any one of a plurality of cams 
20, slidably keyed to a shaft 9, driven through 
a gear reduction 8 and shaft f from the gear 
transmission 4, driven by the armature shaft 

5 from the motor 6. One of the cams of the 
assembly 20 is cut so that it actuates the follower 
2 and shield 23 to interrupt the beam of light 
from projector f24, one or more times for each 
revolution of the cam, to form the familiar dash 
dot or N signal. The A signal cam to and the 
N signal can 20 are so phased that the signals 
follow each other successively, the dots following 
each other with a slight overlap, so that when 
the signals are of equal intensity the illusion of 
a continuous note will be formed. The remain 
ing cams of the assembly 20 are cut so as to coop 
erate with the can assembly do to form the de 
sired signals, such as of station-identifying char 
acter. The cam assemblies to and f20 are each 
axially shifted together by means of the forked 
ends of a yoke 26, which is secured to a shifting 
rod f 27, provided with a rack 28 which meshes 
with a gear 29 rotated either manually or through 
a Suitable timing device (not shown) so that sta 
tion-identifying signals may be sent at predeter 
mined time intervals. 
The photoelectric cells 05 and 25 are. each 

connected in parallel to a battery 28 which 
creates a potential difference across the terminals 
of the cells 05 and 25, determined by the high 
grid resistances 29. The output leads of the 
photocells 05 and 25 are respectively connected 
to the grids G1 and G2 of the -amplifier vacuum 
tubes 30 and 3 f, illustrated as the screen grid 
type. The plate circuit output of the tube 30 
is applied to the coil 132, forming one-half of the 
primary winding of a coupling transformer 35. 
The plate circuit output of the tube 3 is applied 
to the coil 33 of the primary winding of the 
transformer 35. The secondary winding 34 of 
the transformer 35 is connected by leads 36 to 
headphones 37, which are worn by the student in 
the cockpit of the trainer . 

Operation 

ASSunning the course indicator 5 of Fig. 1 to 
be in operation and causing relative movement 
between the beams of light projected from the 
light source 2, and the respective A signal record 

5 

U 

25 

30 

40 

45 

2 
30 and the N signal record 35, the "photronic' 
cells 20 and 25 Will generate currents in the man 
ner above described with reference to Figs. 4 and 
5. The translucent shields 95 and 96 of the re 
spective relays 90 and 92 will allow light from 
the projectors O2 and 24 to impinge on the 
photoelectric cells 05 and 25, respectively, of 
an intensity directly proportional to the current, 
developed by the respective "photronic' cells 20 
and 25. The chopper wheel O6 causes the light 
beams from projectors fo2 and 24 to be inter 
rupted at and audio frequency, and the shields 
or shutters 07 and 23 alternately key the light 
beans to form the radio range A and N signals, 
respectively. The grid of the tube 30 will then 
receive a pulsating direct current having pulsa 
tions of an audible frequency and keyed to form 
an. A signal, which will be amplified in the plate 
circuit of the tube and transmitted by means of 
transformer coils 32 and 34 to the headphones 
3 in the trainer cockpit. The current which 

will flow in the grid circuit of the tube 30 will 
be directly proportional to the intensity of light 
received by the photoelectric cell 05, so that the 
intensity of the aural A signal heard in the head 
phones 37 will similarly vary with the change in 
light intensity. The N signal will similarly be 
changed from light pulsations into a variable 
potential grid current in the tube 3, which will 
be amplified in the plate circuit of the tube and 
transmitted by transformer coils 33 and 34 and 
conductors 36 to the headphones 37 as an aural signal. 
When the course indicator 5 is in one of the 

On Course signal zones of the records 30 and 25, 
the A and N signals will be transmitted with 
equal intensity to the headphones 37, giving the 
continuous On Course signal; while if the course 
indicator moves into the A signal zone, the A 
signal will be transmitted to the headphones 37 
with greater intensity than the NSignal, the latter 
being suppressed into the background; and a sim 
ilar operation takes place when the course indica 
tor moves into an N signal Zone, the N signal 
being amplified while the A signal is Suppressed 
into the background. As the course indicator 
moves from the radial outer portions towards the 
centers of the discs 30 and 35 (Fig. 1) the A, N, 
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or On Course signals will be transmitted with 
increasing intensity, dependent on the position 
of the course indicator. When the course indica 
tor reaches the opaque a Zone, or cone of silence 
at the center of the discs, no signal will be heard 
in the headphones. . By adjusting the vertical 
position of the discs 30 and 35 (Fig. 1) a small 
quantity of light may be allowed to Spill Over, 
thus the effect of the variation of the width of 
the cone of silence at varying altitudes may be 
simulated. 
The device illustrated in Figs. 10 and 11 forms 

a means for automatically transmitting radio 
range, as well as other aural signals, to the head 
phones in the trainer. It is to be noted that the 
chopper wheel OS is not a necessary element 
where the exciter lamps of the projector units 
O2 and 24 are energized by alternating current, 

which will cause a pulsating current in the photo 
cell circuits due to the rectifier action of the 
photocells; and the usual 60-cycle alternating 
current will give a distinct audible tone. The 
entire assembly may be enclosed in a cabinet 
indicated by the numeral 40 in Fig. 2. . . 

Fig. 12 illustrates the System employed in selec 
tively switching from the full automatic transmis 
sion of aural radio range signals to semiautomatic 
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transmission of aural radio range signals or to 
visual type radio range indication, at the will of 
the instructor. The switch generally indicated 
as 94 in Fig. 10, as seen in Fig. 12, comprises, as 
schematically shown, three pairs of double-pole 
single-throw switches 94a, 94c, and 94d and a 
single-pole switch. 94b. Upon closing of switches 
94a, the photocells 20 and 25 are respectively 
connected to the relays 90 and 92 for automatic 
transmission of radio range signals, the switch 
94b being simultaneously closed to energize the 
filament circuits of the power amplifier tubes 30 
and 3, the system being identical to that illus 
trated in Fig. 10. 
Upon closing the switches 94c, the "photronic' 

cells 20 and 25 are connected by leads 4 to a 
meter and control assembly generally indicated 
by the reference numeral f45, which includes a 
sensitive zero center meter f42, connected in series 
with a sensitive thermal type microammeter 46, 
and forming a circuit exactly similar to that illus 
trated in Fig. 8 and described above. The Zero 
center meter f42 is provided with A, N and O1) 
Course indicia in place of the Left and Right 
indications as described with reference to the 
circuit of Fig. 8. The meter 42 is provided with 
an indicating pointer 43, colored black and ac 
tuated by the meter, and a transparent pointer 
44 loosely mounted on a pivot and actuated by a 

cable or other manual-control means 49, con 
trolled by movement of the signal-control knob 
f 50 and always remaining parallel thereto. The 
microammeter 46 is similarly provided with an 
indicating pointer 47, colored black, and a 
loosely mounted transparent pointer 48, con 
trolled by the cable, or other manual control 53 
actuated by the volume-control knob 54, so that 
the transparent pointer 48 always remains par 
allel to the indicating axis of the knob 54. 
The knob 50 controls a signal-control poten 

tiometer 5, connected by leads 52 to a radio 
range signal generator 60 of well-known con 
struction. The knob (54 actuates a signal-vol 
ume control rheostat or potentiometer 55, which 
is connected by leads 56 to the radio range sig 
nal generator 60. The radio range signal gen 
erator 60, signal-control potentiometer 5, and 
volume-control potentiometer 55 form the con 
ventional manually controlled radio range Sig 
nal generator now employed in conjunction with 
aviation ground trainers. The signal output of 
the radio range signal generator is led to the 
headphones 37 by leads 38, which are connected 
in parallel with the leads 36 of the automatic 
signal generator of Fig. 10. 

Operation 

The “photronic' cells 20 and 25 cooperate with 
the records 30 and 35, respectively, to cause actua 
tion of the pointer 43 of the indicating meter 
142 to give a visual radio range signal indica 
tion, and the ammeter 46 indicates the current 
flow, which is indicative of the radial position of 
the course indicator from the center of the signal 
records, representing on the record chart the po 
sition of the assumed radio range station. The 
combined indications of the meters 42 and 46 
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knob 54, so that the transparent pointers f4 and 
8 actuated thereby coincide with the black 

pointers 43 and 47, respectively. The signal 
control potentiometer 5 and the volume-con 
trol potentiometer 55 condition the radio-range 
signal generator 60 to transmit the proper radio 
range signal with the proper intensity to the 
headphones (37 in the cockpit of the trainer f. 
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are thus the equivalent of the visual observation . 
of the position of the course indicator by the in 
structor according to the conventional system 
for actuating the radio range signal generator. 
The meters 42 and 46 are actually mounted 
on a single panel above the control knobs 50 
and 54, and the instructor then actuates the 
signal-control knob 50 and the volume control 

By actuating the switches 94d, the indicator 100 
mounted in the cockpit of the trainer is con 
nected by the leads 62 to the "photronic' cells 
20 and 25, respectively, in a visual radio range 
indicating-circuit identical to that described 
above with reference to Fig. 8. The L and R in- Y' 
dicia, shown in Fig. 12 on the indicator too, can 
be replaced by the A and N signal indicia if de 
sired, as noted with reference to the description 
of Fig. 8, 
The switches 94a, 94b, 94c, and 94d-though 

illustrated as of the blade type-are preferably 
constructed in the form of a rotary switch so that 
Only One of the circuits can be closed at a time, 
thus avoiding a plurality of the individual 
switches being closed at the same time. 

Figs. 13 to 15 inclusive illustrate schematically 
the apparatus employed with the device of Fig. 1 
in Order to simulate blind landings in accord 
ance with any of the Systems employing a radio 
glide path beam in conjunction with a directional 
landing runway radio beacon or a leader cable, 
such as the system of the Bureau of Standards, 
Lorenz, Bendix, or others. 
The System employs three translucent records 

and three cooperative “photronic' or other type 
photoelectric cells mounted on the course indica 
tor, such as provided in the course indicator 5, 
illustrated in FigS. 3 and 3a. An indicator gen 
erally indicated by the reference numeral is 
mounted on the instrument board of the trainer 
and includes a sensitive meter 7 f, having a 

vertical pointer 72, and a similar sensitive type 
of meter 73, having a horizontal pointer 74, 
each provided with center indicia marks. 

Directional indication 
The meter f l is connected to the leads 2 and 

22 of the "photronic' cell 20 to form a circuit 
exactly of the type illustrated in Fig. 9. A trans 
lucent record 70, such as illustrated and described 
with reference to Fig. 6, is employed in conjunc 
tion with the light Source 2 and the ce. 20. The 
line m-n (Fig. 6), which may be placed on any 
part of the record in a predetermined manner, 
represents the axis of the landing runway local 
izer radio beam or leader cable, and any deviation 
of the course indicator from a path along this 
line will immediately cause the pointer 72 to de 
flect to the right or left of the center indicia to 
indicate the direction of Such deviation. Thus by 
proper control of the trainer by the student, 
the course indicator controlled by the trainer may 
be kept aligned with the simulated landing run 
way radio beam or leader cable by keeping the 
pointer 72 vertical. 

Marker beacon indicating device 
As the course indicator progresses in its move 

ment toward the simulated landing field position 
on the record table, it is essential to indicate the 
arrival at points located at predetermined dis 
tances from the simulated landing field. The 
marker beacon indicating means employs a mark 
er beacon translucent record of the type illus 
trated in Fig. 7 by the numeral 80, employing the 

75 transparent slots 82 and 83. The record 80 co 

N----. 
--- 
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operates with the "photronic' cell 60 (Fig. 3a) 
and the light source 5 carried by the course indi 
cator, so that whenever the course indicator 
moves into the predetermined positions, the beam 
projected from the light Source 5 can pass 
through one of the transparent slots 83 and 82. 
The current generated by the light impinging on 
the "photronic' cell 60 will actuate the sensitive 
electric relay T5 to close a circuit including the 
battery 76 and the lamp 77, which is mounted 
on the instrument board of the trainer and serves 
as a marker signal. 

The glide path indication device 
In order to indicate simulated descent in the 

trainer along a predetermined glide path repre 
senting, for example, the well-known curved radio 
glide path bean, the indicator meter 73 is con 
nected to the "photronic' cell 25, mounted on the 
course indicator 5, and to a similar "photronic' 
cell 78, mounted adjacent an altimeter 80, 
which may be the instrument now located on the 
instrument board of the trainer i, or one located 
remote thereto but indicating in unison therewith. 
The meter 73 is electrically connected in series 
with the cells 25 and 78, but the meter may 
be of the Zero center type and connected in a cir 
cuit of the type illustrated in Fig. 8. 
The cell 25 cooperates with a translucent record 

90, termed a distance record and illustrated in 
Fig. 15. The record is made opaque except for 
the sector indicated as the Airdrome Area 9, 
which represents the extent of the simulated 
glide path beam. The zone 9 is gradually 
changed in translucency from Zone a, represent 
ing the point of contact of the airplane following 
the glide path with the ground where the area 
9 is most dense, outward to zone h, which rep 

resents the outer radial limit of the landing 
beam. As the course indicator moves the light 
beam from source 2, within the area, 9, from 
Zone h to zone a, the intensity of light received 
by the cell 25 will continuously decrease, and 
the current developed by the cell will accordingly 
decrease. - 

The altimeter 80 is of a standard type equipped 
with two pointers-one indicating altitude in 
hundreds of feet, and the other indicating alti 
tude in thousands of feet. The altimeter is con 
nected by a pipe f8 to a suction source (not 
shown), which is regulated by the climbing atti 
tude of the trainer and by the setting of a simu 
lated throttle (not shown). When the trainer 
is placed in a descending attitude the vacuum is 
gradually relieved, thus simulating the descent 
of an aircraft. The means for thus simulating 
ascent and descent of the flight trainer forms 
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bination, is mounted by a suitable bracket on the 
instrument panel of the trainer in front of the 
disc 82, so that a light beam from the projector 
86 will pass through the translucent Zones and 
impinge on the light-sensitive element of the 
"photronic' cell 78, which is mounted on the in 
strument panel behind the disc 82 and on the 
axis of the beam of light from projector 8. 

Operation 

In reference to Fig. 13a, the assumed glide 
path is indicated by the letter g, and the meter 
3 must indicate a constant light intensity along 

the simulated glide path. Since the meter T3 
is connected in series, with the photronic cells 
25 and 78, in order that the pointer 74 remain 
centered it is necessary that the sum of the volt 
age developed by the respective cells initially be 
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sufficient to defect the pointer to the middle of 
the scale. This condition corresponds to the fact 
that the sum of the light intensities must equal 
a constant value sufficient to. develop sufficient 
current to deflect the pointer downward from a 
zero position in a counterclockwise direction to 
the midportion of the scale. Then in position 
(Fig.13a) the abcissaea', representing both the 

distance traversed in a given time from the 
origin and the light intensity received by cell 2, 
plus the ordinate b, representing the rate of de 
scent as well as the light received by the cell 7, 
must be such that the sum of the ordinates a'+b equals a constant k. At any other point on the 

40 

glide path the same condition must hold for a 
constant horizontal position of pointer 74 
i. e., at point 2, f--es-k; and at point , 
b'--a=k. . . . 

If the rate of descent is not sufficient for the 
corresponding simulated velocity of the trainer, 
represented to some predetermined scale by the 
velocity of the course indicator, the light received 
by the cell 25 will be decreasing in intensity at 
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part of the standard equipment of the "Link' . 
trainer and is well known in the art. A trans 
lucent disc 82 is mounted on the pointer shaft 
83, which is adapted to actuate the hundreds 

of-feet indicating pointer. The thousands-of 
feet indicating pointer 84 is mounted on the 
shaft 83, the altitude scales, not being shown 
in the drawing. The disc 82 may be used with 
a single pointer altimeter, however, by gearing 
the disc to the pointer shaft so that any pre 

65 

determined range of altitude will Cause One rev 
olution of the disc. The disc 82 is divided into 
sectors a, b'-h' (see Fig. 14), each of which 
varies gradually in translucency from Zone d' 
to zone h' such that Zone a passes the least 
amount of light, while zone h' passes the great 
est amount of light. A small light projector 
i86, comprising an exciter lamp and lens Com 
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a greater rate than the intensity of light passing 
through disc 82 is increasing; and the pointer 

will then move up towards the meter Zero, 
, due to decrease of the total electromotive force 
being generated by the cells 25 and 78. If the 
rate of descent is greater than the optimum value 
required to stay on the glide path, the electro 
motive force will increase above the constant 
value required to keep the pointer 74 horizontal, 
and the pointer will move down due to the in 
crease of current generated by the cells 25 and 
78 above the optimum constant value. Upon 

the altimeter reading zero, a landing is assumed 
to have been made. ... " 
To utilize the circuit of Fig. 8 with the struc 

ture shown in Fig. 13, the translucent disc, or 
altitude record, 82 must be made such that the 
light-transmitting character of the disc gradually 
decreases as the disc rotates counterclockwise with decrease of simulated altitude, so that the 
currents developed by the cells oppose each other 
and remain equal, so the pointer 74 of meter 
will remain centered, the meter now being of 
the zero-center type, such as the meter 0 of 
Fig. 8. With a descent being simulated and the 
rate of descent too small a value, the current 
generated by “photronic' cell B will overcome 
the effect of cell 25 and cause a current flow 
through the meter 3 in a direction to cause 
the pointer to move up, indicating that the trainer 
is above the glide path in its simulated descent. 
In a similar manner, if the rate of descent is too 
high, the cell 25 will deliver more current than 
cell 8, causing a flow of current through the 
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tnetter, so as to cause the pointer 4 to move 
down, indicating that the simulated position of 
the trainer is below the glide path. 
The altitude and distant record shading may 

be made such that for either type of meter Con 
nection a record will be available to use for simu 
lating a desired type of glide path, either curved 
or substantially straight. 
By means of the simulated radio navigational 

aids above provided, the student may receive 
training in blind instrument landings by follow 
ing conventional prescribed procedure for the 
system being used. The student is enabled to 

- maintain the trainer directionally aligned with 
the simulated landing runway by watching the 
pointer 72 and maintaining it substantially 
centered on the vertical center index mark. The 
simulated flight may be continued and a simu 
lated descent made to some predetermined alti 
tude of one thousand feet or less, when the simu 
lated glide path will be intercepted and the 
pointer 74 will drop to the horizontal index 
mark, and the student must thereafter control 
the trainer so that in the simulated descent the 
pointer 74 remains opposite the horizontal index 
mark. During the simulated descent the marker 
beacon lamp TT will flash at predetermined dis 
tances from the simulated landing field, and 
when the altimeter reads Zero the landing is as 
sumed to have been accomplished. The method 
of flight procedure in getting allinged with the 
landing runway may be according to conventional 
established procedure as employed with the par 
ticular landing system being simulated. 
While only illustrative forms of apparatus in 

volving the application of photoelectric devices 
to radio range signalling and instrument landing 
indications for use in aviation ground trainers 
have been shown, it is apparent that many modi 
fications will be apparent to those skilled in the 
art, falling within the scope of the invention as 
defined by the appended claims. 

I claim: 
1. In combination, an aviation ground trainer 

for simulating the flight of an aircraft, a refer 
ence surface, a course indicator movable below 
said reference surface at a velocity proportional 
to the simulated velocity in flight of an aircraft 
and directionally controlled by said trainer, a 
Source of light, a photoelectric cell cooperating 
With said light source, a translucent record hav 
ing areas of varying light-transmitting proper 
ties arranged in a predetermined pattern and 
located between said light Source and said photo 
electric cell, means for causing a relative move 
ment between said light source, said cell and said 
translucent record responsive to the change in 
position of said course indicator, and signal-re 
ceiving means connected to said photoelectric 
cell and mounted in the cockpit of said trainer 
and operative to translate variations in current 
developed by said photoelectric cell into signals 
indicative of the position or directional heading 
of Said course indicator. 

2. The structure as claimed in claim 1, in which 
said light Source and said photoelectric cell are 
mounted on said course indicator and movable 
therewith Over the reference surface. 

3. The structure as claimed in claim 1, in which 
said translucent record is stationary and mounted 
in parallel spaced relation to said reference surface. 

4. A radio range signalling system for use with 
aviation ground training apparatus, comprising 
a reference surface, a course indicator movable 
relative to said reference Surface and adapted to 
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trace the simulated flight course of an aircraft, 
a light source mounted on said course indicator, a 
pair of photoelectric cells mounted on said course 
indicator and each adapted to receive light from 
said source, a signal generator connected to each 
of said photoelectric cells and adapted to gener 
ate a plurality of signals of different character, 
each respectively controlled by one of said photo 
cells, and a pair of translucent records, each hav 
ing Zones of varying degrees of translucency ar 
ranged in a predetermined pattern and each of 
said records being located between said light 
source and a respective one of said photoelectric 
cells, whereby movement of said course indicator 
relative to said records causes said signal gener 
atOr to generate signals indicative of the position 
of said course indicator on said reference surface. 

5. The structure as claimed in claim 4, includ 
ing a means for utilizing the signals generated 
by said signal generators. 

6. In combination, an aviation ground trainer 
for simulating the flight of an aircraft, a reference 
Surface, a Course indicator movable relative to 
said reference surface at a velocity proportional 
to the simulated flight velocity of an aircraft and 
directionally controlled by said trainer, a pair 
of photoelectric cells mounted on said course in 
dicator and movable therewith and each cooper 
atting with a respective light source mounted on 
said course indicator, a pair of translucent 
records, each mounted between a respective one 
of said photoelectric cells and its associated light 
Source by a stationary support and each of said 
records having areas of varying degrees of light 
transmitting character arranged in a predeter 
mined pattern, each of said patterns having a 
definite relation to each other and to a point on 
Said reference surface, and a plurality of signal 
circuits, each connected to a respective one of said 
photoelectric cells, whereby variable signal con 
trol currents are generated by each of said photo 
electric cells as said course indicator varies its 
position relative to said point on said reference 
Surface. 

7. The structure as claimed in claim 6, in which 
each of Said signal-control circuits is connected 
to a visual indicator mounted in the cockpit of 
said trainer. 

8. The structure as claimed in claim 6, in 
cluding a visual radio range indicator and a visual 
signal volume indicator connected to said signal 
control circuits and each of said indicators hav 
ing a pointer, a radio range signal generator, a re 
Spective manual signal and volume control means 
for said radio range signal generator, a signal 
receiver connected to said radio range signal gen 
erator and mounted in said trainer, a manually 
set pointer actuated by said signal generator 
manual signal control means, and a second manu 
ally set pointer actuated by said signal generator 
volume control means, whereby, upon setting said 
manually controlled pointers into a position cor 
responding to signal and volume indicator point 
ers, a corresponding radio range signal of the 
required intensity will be transmitted to said 
signal receiver. 

9. In combination, a course indicator for avia 
tion ground trainers, a source of light, a photo 
electric cell cooperating with said source of light, 
a translucent record interposed between said 
Source of light and said photoelectric cell, said 
record having parallel Zones of an increasing 
degree of translucency from one edge to the oppo 
site edge of said record, means for causing the 
effect of light transmitted through said record 
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from said light source to said photoelectric cell to 
be varied in accordance with the charige in posi 
tion of said course indicator, and an indicator 
connected to said photoelectric cell and operative 
to indicate the deviation of said course indicator 
from a course coaxial with a line of constant den 
sity of light-transmitting character on said trans 
lucent record. 

10. A glide path indicator for aviation ground 
trainers, comprising an aviation ground trainer, 
a means responsive to the simulated rate of de 
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scent of an aircraft, a first photoelectric means 
responsive to said rate-of-descent-responsive 
means, a means responsive to the simulated veloc 
ity of said aircraft, a second photoelectric means 
responsive to said simulated velocity-responsive 
means, and an indicator electrically connected to 
each of both photoelectric means and opera 
tive to indicate the variation in the ratio of the 
simulated rate of descent to the simulated velocity 
of said aircraft along a predetermined simulated 
glide path. 

11. The structure as claimed in claim 10, in 
which the means responsive to the simulated rate 
of descent of said aircraft is an altimeter simulat 
ing device controlled by operating conditions of 
the trainer, and in which the photoelectric means 
responsive to said rate-of-descent-responsive 
means includes a translucent disc varying in 
light-transmitting character around the circum 
ference and actuated by the altimeter simulating 
device, a photcollectric cell located on one side 
of said disc and a light source placed on the other 
side of said disc opposite said photoelectric cell, 
whereby the current flow in a circuit connected 
to said cell is dependent on the position of said 
disc relative to said light source. 

12. The structure as claimed in claim 10, in 
which the means responsive to the simulated 
velocity of said aircraft comprises a course indi 
cator moving at a velocity proportional to the 
simulated velocity of said aircraft and direc 
tionally controlled by said trainer, and in which 
the Second photoelectric means includes a photo 
electric cell and an associated light source mount 
ed on the course indicator and movable therewith, 
and a light-transmitting record having a trans 
lucent area, which varies in light-transmitting 
character mounted on a stationary support so as 
to intercept light transmitted from said light 
source to said photoelectric cell, whereby the cur 
rent flow in a circuit including said photoelectric 
cell varies as a function of the velocity of said 
course indicator in a given direction of movement 
relative to the translucent area of said record. 

13. The structure as claimed in claim 10, in 
which said first photoelectric means includes a 
translucent disc having areas of different degrees 
of light-transmitting character and rotated from 
an initial position by said rate-of-descent-respon 
sive means, a light source on one side of said disc 
and a photoelectric cell located on the opposite 
side of said disc; and in which the second photo 
electric means includes a source of light and a 
photoelectric cell movable together at a velocity 
proportional to the simulated velocity of said air 
craft and a stationary record having a translucent 
zone which varies in light-transmitting character 
in a predetermined manner located between said 
light source and said photoelectric cell; and an 
indicator connected to both of said photoelectric 
cells and responsive to electrical difference effect 
produced by said cells. 

14. In a blind landing training system, an 

20 
of an aircraft, a course indicator movable at a 
velocity proportional to the simulated flight veloc 
ity of said aircraft, a photoelectric device respon 
sive to the departure of said course indicator from 
a course aligned with a simulated landing run 
way, a directional indicator mounted in said 
trainer and actuated by said photoelectric device, 
a photoelectric device actuated by said course in 
dicator in accordance with the simulated veloc 
ity of said aircraft, a photoelectric device actu 
ated in accordance with the simulated rate of 
descent of said aircraft, and a glide path indicator 
mounted in said trainer and operatively con 
nected to both of said last two named photo 
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electric devices for actuation in response to the 
combined effect thereof, whereby a simulated de 
scent of said aircraft along a predetermined glide 
path in the plane of a simulated landing run 
way may be effected. 

15. The structure as claimed in claim 14, in 
cluding a means actuated by said course indicator 
for indicating, at predetermined points on said 
simulated landing runway, the arrival of said 
aircraft in its simulated descent. 

16. The structure as claimed in claim 1, in 
which said translucent record is arranged in a 
horizontal plane perpendicular to the path of 
light transmitted from said light source to said 
photoelectric cell, and means for adjusting the 
vertical position of said translucent record. 

17. In a signal generator of the type described, 
a means for receiving positional signal currents, a 
light source for transmitting a beam of light with 
an intensity varying at an audio frequency, a 
photoelectric cell cooperating with said light. 
source, a power amplifier connected to said photo 
electric cell, a translucent shield actuated by said signal-current-receiving means and operative to 
vary the intensity of light transmitted to said 
photoelectric cell in accordance with the magni 
tude of the signal current received by said sig 
nal-current-receiving means, a shutter for inter 
rupting the light transmitted from said source to 
said photoelectric cell, and cam means for actuat 
ing said shutter to key said transmitted light in a 
predetermined manner. 

18. The combination with an aviation ground 
trainer for simulating the flight of an aircraft, Of 
a remotely located position recording carriage 
movable responsive to operation of the ground . 
trainer by a student, of a light source for trans 
mitting light relative to the area over which said 
carriage is movable, photoelectric means attached 
to said carriage and means cooperating, with said 
light source and photoelectric means for varying 
the light received by said photoelectric means in 
accordance with a predetermined intensity pat 
tern corelated to the area. Over which said car 
riage is movable to thereby produce an electric 
current of a strength depending on the intensity 
of light received by said photoelectric means and 
signal means operated by said electric current. 

19. An aviation ground training System com 
prising in combination an aviation ground trainer 
having student actuated controls for simulating 
the flight of an aircraft, a recording device mov 
able in response to operation of the trainer con 
trols by a student, a source of light, a photoelectric 
cell Supported by and movable with said recording 
device and cooperating with said light source, an 
element interposed in the path of transmission of 
light from said source to said photoclectric cell 
and having uniformly varying light-absorbing 
properties arranged in a predetermined absorp 
tion pattern corresponding to desired positional 
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signals to be transmitted to the student in the 
ground trainer, movement of said photoelectric 
cell relative to the pattern causing a variation in 
intensity of light received by said photoelectric 
cell and signal means controlled by said photo 
electric cell for transmitting signals to the stu 
dent occupant of the trainer. 

20. An aviation ground training system con 
prising in combination an aviation ground trainer 
having student actuated controls for simulating 
the fight of an aircraft, a movable recording de 
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vice controlled in response to operation of the 
trainer controls by a student occupant of the 
trainer, a light source, a signal system operatively 
associated with the trainer and including photo 
electric control means movable with said record 
ing device, a stationary record element positioned 
in the path of transmission of light from said 
light source to said photoelectric means, said rec 
ord element having light transmission character 
istics which vary in accordance with a predeter 
mined positional signal pattern such that move 
ment of said photoelectric means relative to said 
pattern varies the intensity of light received by 
the photoelectric means to vary the control on 
said signal system in accordance with the position 
of the photoelectric means relative to the pattern. 

CAR. J. CRANE, 
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