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22 Claims. 

Our invention relates to devices for ascertain 
ing the position of one point in space with re 
Spect to a second point, having special reference 
to Such devices incorporated in navigation appa 
ratus, and is directed particularly to an auto 
matic position-indicating system involving calcu 
lation by triangulation and providing guidance 
for the safe landing of aircraft under conditions 
of substantially no visibility. 
The application of such a device to “blind fly 

ing' involves numerous difficulties, the solution 
of which demonstrates certain objects and ad 
vantages of our invention as will become appar 
ent in our later detailed description. 

In general, the requisites of such apparatus 
for successful application to airplane navigation 
are: first, that the apparatus be independent of 
weather and light conditions; second, that the 
apparatus be accurate within certain limits and 
be absolutely dependable; third, that the appa 
ratus function with sufficient rapidity to keep 
pace With the continuous change in location of 
a speeding airplane; fourth, that the apparatus 
be fully automatic, requiring no manipulation or 
adjustment by the pilot; and, fifth, that the appa 
ratus include a Visual indicator that Will clearly 
and conveniently reveal the position of the air 

30 

plane either in units of distance from the landing 
field and altitude above the ground or reveal 
graphically the relation of the plane's position 
to a desired line of approach to the landing 
field, or both. 

35 

40 

45 

our system, and, in addition, we have provided 
50 

55 

The disclosure of our invention may be ap 
proached by pointing out, in general terms, how 
we have met the above listed essentials. 

First, we have made our apparatus independent 
of weather and light conditions by utilizing elec 
tromagnetic radiations such as infra-red rays, 
or other quasi-optical rays known to penetrate 
fog. 
To meet the requirement of accuracy, we have 

provided for a relatively extensive base of tri 
angulation; we have provided for electrical rather 
than mechanical interlocking connections; and, 
we have entirely eliminated the human equation 
from the functioning of the device. These pro 
visions all have a bearing on the dependability of 

for modulating the infra-red rays and making our 
apparatus selectively responsive to the modulated 
rays in order to avoid any possibility of interfer 
ence from infra-red rays extraneous to Our Sys 
tem. . . r 
Our apparatus keeps pace with the rapidly 

(C. 250- ) 
changing factors involved, because it functions 
electrically rather than mechanically. 
To meet the fourth requirement, the character 

istic of heing automatic, in a system of measura 
tion by triangulation involving electro-magnetic 
radiation, We have provided pointers that will 
automatically be trained on the source of the 
radiation and have further provided automatic 
means for deriving the distance in question from 
the angular positions of these pointers. We have 
made the pointers automatic by associating with 
them photoelectric cells having circuits selective 
ly responsive to the electro-magnetic radiation, 
and we have provided automatic calculation by 
utilizing certain characteristics of electric cir 
cuits, as Will be more fully disclosed hereafter. 

Finally, the position continuously reckoned by 
our apparatus is continuously indicated to the 
pilot in a manner that reveals not only the al 
titude of the airplane and the distance from 
the airport, but also reveals the relation of the 
plane's position to a desired line of approach to 
the airport. 
The objects and advantages of our invention, 

indicated by the above summary, will become 
more apparent in the detailed description to foll 
low, as will certain other features illustrated by 
our preferred embodiment of the invention. 
In the accompanying drawings: 
Fig. 1 diagrammatically represents the plan 

view of an airplane approaching a beacon at an 
airport; 

Fig. 2 diagrammatically represents the side 
view of an airplane approaching a beacon at an 
airport; 

Fig. 3 is the front elevation of a pointer, with 
its associated photoelectric eye; 

Fig. 4 is a plan view of Fig. 3; 
Fig. 5 is a central longitudinal Section taken 

as indicated by the line 5-5 of Fig. 4; 
Fig. 6 diagrammatically presents the arrange 

ment of quadrant cathodes in a photoelectric eye; 
Fig. 7 is a diagram representing the outer lens 

of the photoelectric eye divided into quadrants 
for the purposes of description; 

Fig. 7a is an enlarged central portion of Fig. 7; 
Fig. 8 is a schematic arrangement of our sys 

tem, showing the inter-relationships of the mov 
ing parts and the electric circuits involved; 

Fig. 9 is a simplified diagram of certain circuits 
in Fig. 8: 

Fig. 10 is a suggested arrangement of the in 
dicating instruments on a panel or chart: 

Fig. 11 is the side elevation of a typical resistor 
employed in our apparatus; 
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Fig. 12 is a transverse section taken as indi 

cated by the lines 2-2 of Fig. 11; 
Fig. 13 is the side elevation of a resistor ar 

ranged for compensating movement; 
5 Figs. 14, 15 and 16 are diagrams of circuits ar 

ranged for calculation by voltage measurements; 
Figs. 17 and 18 are diagrams of circuit.S ar 

ranged for calculation by current measurements; 
Fig. 19 is a diagram of a circuit for calculation 

10 by both voltage and current measurements; 
Fig. 20 is a diagram of an electrical arrange 

ment for ground speed indication; 
Fig. 21 indicates the arrangement of cathodes 

in a second form of photoelectric eye in a pointer 
15 Construction; 

Fig. 22 is a diagram of the outer lens of the eye 
as divided into Sectors corresponding to the cath 
odes of Fig. 2; 

Fig. 23 is a wiring diagram of the circuits in 
20 volved in this second form of pointer; 

Fig. 24 is a plan view of a third form of pointer 
involving two arms here shown spread apart; 

Fig. 25 is a similar view showing the two arms 
closed together in their normal positions; 

25 Fig. 26 is a longitudinal section through Fig. 25; 
Fig. 27 is a fragmentary transverse section 

taken as indicated by line 27-27 of Fig. 25; 
Fig. 28 is an enlarged view of a Switch construc 

tion in this third form of pointer; 
30 Fig. 29 is a wiring diagram showing the cir 

cuits used in this third form of eye; and 
Fig. 30 is a diagram suggesting, as viewed from 

the front, the disposition on the airplane of three 
of this third form of pointer. 

35 In applying our invention to the problem of 
navigating an airplane, we have the choice of 
establishing our base for triangulation either on 
the landing field or on the plane. The principal 
advantage of having the base on the landing field 

40 s that such a base may be of relatively great ex 
tent compared to a base established on the plane, 
with consequent greater permissible variation 
from absolute accuracy on the part of the calcu 
lating apparatus. One disadvantage of a base on 

45 the landing field arises from the fact that with 
changing Wind conditions the airplane must ap 
proach the landing field from different direc 
tions, so that, if but one base is established on 
the field, the relation of the line of approach of 

50 the airplane to that base is not the same for each 
direction of approach. Such difficulties may be 
met by providing for a Selection of bases on the 
landing field, or by providing for adjustments 
in the computing apparatus of the airplane to 

55 be made in accordance with the direction of ap 
proach. We prefer, however, to establish the 
base of triangulation at the airplane, so that only 
one radiating beacon is required at the airport, 

Figs. 1 and 2 indicate the relations involved in 
60 the approach of an airplane having such a base 

line, to a single beacon on the landing field. On 
the airplane, generally designated 20, are two 
pointers, L and R, the position of which and align 
ment of which with respect to beacon N are in 

65 dicated by dotted lines 2 and 22. In Fig. 2, 
dotted line 23 represents either or both lines 2 
and 22 of Fig. 1. Beacon N may generate any 
type of electro-magnetic radiation, but, for the 
purposes of the preferred form of our invention, 

70 we contemplate employing quasi-Optical waves, 
as, for example, an infra-red wave-length of ap 
proximately ten thousand angstrom units, and we 
further contemplate modulating to one hundred 
per cent (100%) such radiation with some de 

75 sirable frequency, as five hundred (500) cycles 

per second. By arranging the eyes to be selec 
tively responsive to such modulation, we avoid 
interference by stray infra-red radiation extra 
neous to our System. 
The construction of pointers L and R may be 5 

understood by reference to Figs. 3 to 5. For each 
pointer a base plate 24 is fixed to the wing of 
the plane, with its longitudinal axis parallel with 
the longitudinal axis of the ship. The front end 
of the base plate supports a vertical bearing, gen- 10 
erally designated 25, and affixed to and sup 
ported by the rear of the base plate is an en 
cased motor 26. A horizontally movable turn 
table 2 is pivotally supported in parallel Spaced 
relation to the base plate by bearing 25 and a 15 
series of steel balls 28 that are retained in a ball 
race 29 formed by complementary arcuate grooves 
in the turntable and base plate, respectively. To 
prevent the two parts from separating unduly, 
headed pin 30, fixed to the under side of turn- 20 
table 27, extends through a suitable arcuate slot 
3 in base plate 24. 
The rear edge of turntable 2 is provided with 

an arcuate rack 32 concentric to bearing 25, the 
teeth of the rack being engaged by Worm gear 25 
33 driven by motor 26. Mounted on turntable 
27, near the rear, is a second motor 34. Integral 
with the forward portion of the turntable is a 
vertical pair of standards 35 presenting hori 
zontal bearings 35a, the axis of these bearings 30 
intersecting the extended axis of vertical bear 
ing 25. An underslung cradle 36, pivotally Sup 
ported by bracket 35, is provided with a verti 
cally disposed arcuate rack 38, the teeth of which 
are engaged by worm gear 39 driven by motor 34. 35 
A globular photoelectric 'eye' 40, having a 

base portion 4, is supported on cradle 36, with 
its spherical center coincident with the aforesaid 
intersection of the horizontal pivotal axis of the 
cradle with the vertical axis of pivot bearing 25 40 
of the turntable. It will be noted that by virtue 
of the described arrangement the center of the 
spherical photoelectric eye is the pivotal point for 
movement in two planes, and this assemblage 
may be considered, therefore, as, in effect, a 45 
pointer pivoted for universal movement about 
said center, the axis of the pointer being an in 
aginary line ac-ac (Fig. 5), which line is also the 
longitudinal axis of photoelectric eye 40. Motor 
34, through worm gear 39, controls the disposition 50 
of this pointer through vertical arcs and motor 
26, through worm gear 33, controls the angular 
disposition of the pointer through horizontal arcs. 
Preferably, one revolution of motor 26 produces 
the same degree of angular displacement of the 55 
pointer as is caused by one revolution of motor 
34, such provision being made by designing worm 
gear 33 as a double-pitch screw and worm gear 
39 as a single-pitch Screw. 
Mounted on the front of photoelectric eye 40 60 

is a lens cylinder 42, coaxial with line ac-ac, in 
corporating lens 42a and a filter or light screen 
(not shown) excluding all but a narrow band of 
the selected electromagnetic radiations. The 
photoelectric eye itself comprises, in effect, a 65 
plurality of photoelectric cells in a single bulb, 
there being a ring-shaped plate or anode indi 
cated at 43, Common to all the cells, and four 
separate cathodes 44, each being a semi-spherical 
quadrant in the rear hemisphere of eye 40, as 70 
indicated in Figs. 5 and 6. These quadrants or 
Sectors are insulated from each other by spaces 
or avenues 45, the arrangement of the four cath 
Odes being as shown in Fig. 6. It will be noted 
that these avenues intersect on axis a-c, so 75 



10 
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that the cathodes or photoelectric cells may be 
said to be arranged in pairs about said axis. It 
will be noted that avenues 45 intersect to form 
a central Square space 46 having its center on 
axis a-c, 

For convenience of explanation, the front lens 
42 may be considered as divided into four 
quadrants, f', 2', 3, and 4, respectively, as in 
dicated in Figs. 3 and 7. The four cathodes, or 
cells, 44 will be considered as having correspond 
ing numbers , 2, 3 and 4, the numeral of the cell 
corresponding to the quadrant of the front lens 
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through which light passes and eventually falls 
upon the cell. Obviously, the numerical arrange 
ment of the cells will depend upon the type of 
lens System used. If a single convex lens is em 
ployed, the numerical arrangement of the cells 
will be as indicated in Fig. 6. Where in the ap 
pended claims the position of a cell is given 
relative to the axis of the pointer, it will be un 
derstood that reference is made to the apparent 
position of the cell indicated by f', 2',3', or 4 
in Fig. 7. - 
Cathodes 44 are of a material such as thalo 

phide, having maximum sensitivity at 10,000 
angstrons. It is also a requisite of the lens sys 
tem that the electromagnetic radiations passed 
therethrough be focused to a sharp image point 
or circular spot of substantially unvarying mag 
nitude as the airplane approaches the beacon. 
The manner in which a photoelectric eye and 

the associated mechanisms may serve automati 
cally to train the pointers L and R, continuously 
upon beacon N will now be explained. The terms 
"upward", "downward', 'right" and “left’, used 
to describe movements of the pointer, will be 
understood as movements having such appear 
ance to an observer facing the pointers from the 
front. It will be apparent, then, that because of 
thc disposition of the photoelectric eye with re 
Spect to its associated pointer, when all image 
is projected on cathode or cell quadrant 
(quadrant of the lens), thereby energizing the 
photoelectric circuit through that particular cell, 
the pointer should react by moving upward to the 
left, in a direction tending to center the image 
at neutral square 46, thereby training axis ac-ac 
Of the pointer on the distant beacon. The ar 
rangement of apparatus associated with the two 
pointers for providing such reaction to radia 
tions from the distant beacon is set forth sche 
matically in Fig. 8. 
Each individual photoelectric cell, distin 

guished by a quadrant cathode 44, controls a sep 
arate input circuit, the description of one of 
which will suffice for all. For example, consider 
cell of the left wing. The input circuit may be 
traced as follows: cathode f, wire 47, band pass 
filter comprising condenser 48 and two parallel 
tuned circuits 49, wire 50, ground 5, ground 52, 
battery 53, wire 54, and ring plate or anode 43, . 
previously mentioned. This circuit is tuned and 
filtered to the modulation frequency 500 cycles 
and controls the potential of grid 55 in ampli 
fying vacuum tube 56. 
Tube 56 is a heater type, having heating ele 

ment 57 energized by a Suitable source conven 
tionally indicated at 58, the energizing circuit 

70 

75 

being through wires 59 and 60. Cathode 6 of the 
tube is connected to wire 50 through grid-bias 
resistance 62, of such a value as to operate the 
tube as a plate circuit rectifier, which is shunted 
by condenser 63. Grid 55 controls the output or 
plate circuit, which may be traced as follows: 
plate 64, wire 65, solenoid coil of relay 66, wire 

3. 
67, wire 68, source of current conventionally in 
dicated at 69, ground 70, ground 51, wire 50, 
resistor 62 and tube cathode 6. Relay 66 is 
normally open, i. e., open when de-energized. 

It is apparent from this arrangement that 
when cathode 6 is energized by the focused in 
fra-red image modulated at the selected fre 
quency, an alternating current voltage of the 
modulation frequency will be developed across 
tuned circuits 49 and the plate current of the 
tube will be increased sufficiently to close relay 66. 

In like manner, photoelectric cathode 2 is as 
sociated with vacuum tube 7 and normally open 
relay 72; photoelectric cathode 3 is associated 
with tube 73 and normally open relay 74; and 
photoelectric cathode 4 is associated with tube 75 
and normally open relay 76. - 
Numera T indicates the armature of shunt 

Wound notor 26 associated with horizontal nove 
ments of the left pointer L. The field winding of 
that motor, generally designated by the numeral 
78, is center-tapped to offer the choice of a right 
propelling electromagnetic field or a left-propel 
ling field, the two halves of the field winding 
being, in effect, independent, thereby providing 
means to reversibly control the rotation of arma 
ture 77. In the same way, armature 79 of shunt 
Wound motor 34 controlling the vertical position 
of the left pointer is reversibly controlled by Simi 
larly tapped field winding, generally designated 
80. 
A source of electromotive force to energize 

the motors is indicated conventionally at 8. The 
circuit through armature may be traced: 
source 8 f, wire 82, wire 83, wire 84, either relay 
85 or relay 86, wire 87, armature 77, wire 88, wire 
89, wire 90, back to source 8. A parallel circuit 
through armature 79 may be traced as follows: 
wire 9, branching from wire 83, either relay 92 
or 93, wire 94, armature 79, and wire 95 connect 
ing with wire 89. 
The circuit through the right propelling field 

of motor 26 is: source 8, wire S0, wire 89, wire 
96 to the center tap of field winding 78, the 
right-propelling half of field winding 78, wire 
97, solenoid coil of relay 85, wire 98 through 
either relay 72 or relay 76, wire 99, thence to wire 
83 on the other side of source 8. The circuit 
through the left propelling field is: wire 96 to the 
center tap of field winding 78, the left-propelling 
half of field winding 78, wire f OO, solenoid coil of 
relay 86, wire fo, through either relay 66 or relay 
74 to wire 99 on the other side of source 8. 
The circuit through the upward propelling field 

is: wire 02 branching from wire 89, center tap of 
field winding 80, the up-propelling half of field 
winding 80, wire O3, solenoid coil of relay 92, 
wire foll, either relay 66 or relay 72, to wire 99 on 
the other side of source 8. The circuit through 
the downward propelling field is: wire O2 to 
center tap of field winding 80, the down-propel 
ling half of field winding 80, wire fo5, Solenoid 
coil of relay 93, wire f O6, through either relay 74 
or relay 76 to wire 99 as before, 

Relays 85, 86, 92 and 93 are normally closed and 
Open only when energized. 

In the other half of Fig. 8 the parts correspond 
ing to the above enumerated elements are corre 
spondingly situated and need not be recited. 
Armature 08 controls the vertical movement of 
pointer R, and armature fo9 controls the hori 
ZOntal movement of that pointer. 
The functional relation of a photoelectric eye 

to its associated pointer may be understood by 
describing the effect of an infra-red image at the 
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selected modulation cast upon cuadrant f of left 
eye L. To avoid confusion arising from any in 
version in the order of the quadrants on the four 
cathodes with respect to the order of the quad 
rants on the front lens, the path of the image will 
be described with respect to the receiving quad 
rants , 2’, 3, 4' on the lens, as may be under 
stood by reference to Fig. 7. 
When the infra-red image spot appears on 

quadrant of the lens at the position 0 (Fig. 
7), cathode quadrant thereupon becoming acti 
wated discharges electrons that are attracted by 
anode 43 of the photoelectric eye. . This action 
closes the input circuit associated with tube 56, 
which tube thereupon serves as an amplifying 
relay to close the circuit through the solenoid coil 
of relay 66, closing the relay. The closing of relay 
66 energizes the up-propelling half of field wind 
ing 80 associated with armature 79, and also en 
ergizes the left-propelling half of field winding 
78 associated with armature TT. The simultane 
ous movements of these two armatures move the 
eye upward and to the left so that the path of the 
image is a component of those two movements, 
the image moving diagonally, as indicated by 
dotted line t t . When the image spot has moved 
diagonally sufficiently to encroach upon quadrant 
2’ of the lens, as indicated at 2, cathode 2 also 
is energized, causing relay 72 to close. Both sides 
of field coil 78 are now energized and, being Op 
posed, cancel each other as far as they affect 
armature 77. Since both relays 85 and 86 are 
now energized, the circuit through armature 
is broken. Rotation stops in armature of motor 
26, but continues in armature 79 of motor 34, SO 
that the image spot now moves vertically down 
ward as indicated by dotted line 3. When the 
image arrives at the exact center of the lens, as 
indicated at 4, it bridges all four quadrants, 
thereby causing all four relays 66, 72, 4 and 76 
to close and relays 85, 86, 92 and 93 to open, stop 
ping movement of pointer L. At this position, 
pointer L is trained on beacon B. The same 
result will be attained if the image when centered 
clears all the quadrants or encroaches upon none 
of the quadrants sufficiently to operate any of 
relays 66, 72, 74 and 76. 

It has been indicated above that when the 
image is centered on neutral square 46, the cath 
odes should be balanced, i.e., either that all four 
motor relays 66, T2, 74 and 76 be open, or that, as 
an alternate situation, all four said relays be 
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closed, and that when the image shifts slightly 
from its position concentric to axis a-c, one or, 
at most, two of the relays be closed, while the 
remaining relays be open. The size of the image 
is, therefore, of great importance to the accuracy 
and promptness with which the pointers react 
to the distant beacon. 
The size of the image required may be under 

stood by reference to Fig. 7d. If the shaded area. 
4 represents the minimum area of image pro 

jection on a quadrant necessary to cause the 
motor relay associated with that quadrant to be 
energized sufficiently to close, then the diameter 
of the image should be approximately that of 
circle 5. If the image is slightly less in diam 
eter than this circle, then the image at dead 
center will cause none of the relays to be actu 
ated, and, if shifted from dead center, will cause 
one, or not more than two, relays to be actuated. 
If, on the other hand, the image diameter is 
slightly greater than that of circle 5, the image 
at dead center will cause all four relays to be 
actuated, with the result that neither of the 
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associated motors will be energized, and when the 
slightly "oversized' image shifts from dead center, 
three of the four relays will be opened. If the 
image is made too large, however, it may be pos 
sible for the image to shift diagonally from dead 
center without deenergizing more than one relay, 
in which case the motors do not respond. Because 
of this possibility, it is advisable to focus the image 
at slightly less than the diameter of circle 5. 
Preferably, the image will be reduced to what is 
virtually a point, the avenues being correspond 
ingly narrow. Obviously, the problem of accu 
racy is simplified by focusing to a minute image. 
Absclute control of the size of the image may be 
accomplished by using an iris diaphragm. Within 
the lens System. 
From the above description, the automatic 

action of the pointers will be understood, the 
image of the beacon, in effect, seeking the center 
of the photoelectric eye that is fixed to the 
pointer. It will be noted that armature T ro 
tates in direct proportion to the right and left 
movements of the left eye or pointer, and arma 
ture 9 moves in direct proportion to the up and 
down movements of the left eye or pointer; arma 
ture fo8 moves in direct proportion to the up 
and down movements of the right eye or pointer; 
and armature 99 rotates in direct proportion to 
the right and left movements of the right eye or 
pointer. 
There remains the problem of deriving the dis 

tance to the airport and the altitude of the air 
plane from the angular positions of the two 
pointers as represented by the rotary positions of 
their associated armatures. 
An equation or formula for computing distance 

by triangulation involves a minimum of three 
factors in the case of an oblique triangle, or two 
factors in the case of a right-angle triangle, and 
one of these factors must be a side of the triangle. 
in the present arrangement, when the airplane 
approaches the beacon, one of these factors, the 
base line, represented by the distance between 
the pointers, is constant, while the other factor 
or factors are continuously variable. 
Any of the formulas for triangulation may be 

employed. If, for instance, the right pointer, 
while trained on the beacon, is perpendicular to 
the base line B, as shown in Fig. 1, the distance 
to the beacon measured along the axis of the 
right pointer will equal B tan p, q) being the angle 
of the left pointer with respect to the base line. 
In such a calculation, there is only one variable, 
angle (b. If one of the pointers is not perpen 
dicular to the base line, a formula involving two 
variables is necessary. 

After the distance has been derived, the alti 
tude of the airplane can be computed from the 
angular position of one of the pointers with 
respect to the horizontal. In Fig. 2, for instance, 
the distance D and angle 3 being known, the alti 
tude H=D cos B. 
We contemplate solving such equations by elec 

trical means associated with the two pointers. In 
doing so, we have the choice of utilizing either 
the voltage characteristic or the current char 
acteristic of an electric circuit, or both char 
acteristics. In the preferred form of our inven 
tion we utilize the voltage characteristic, in a 
manner that will now be explained. 

Fig. 14 shows a potentiometer in which resistor 
20 shunts battery 2. A voltmeter 22 is in 

series with one terminal of resistor 20 and a 
movable resistor contact conventionally indi 
cated at 23. A stoo 24 limits the movement of 
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2,070,178 
contact 23 at a minimum voltage corresponding 
to the logarithmic value of a constant which is 
to be electrically multiplied by a variable. That 
portion of resistor 20 over which contact 23 is 
free to range is wound to vary in accordance with 
the logarithmic value of the said variable. The 
voltage registered by voltmeter 22 will represent 
the Sum of these logarithmic values, and, if the 
voltmeter have a suitably calibrated logarithmic 
Scale, the numerical product of the constant and 
the variable may be ascertained directly from 
the position of the indicating needle of the volt 
meter with respect to that scale. 

Fig. 15 represents a similar arrangement, in 
which contact 25a is free to traverse the length 
of resistor 25, the minimum voltage that repre 
sents the constant involved in the equation being 
Supplied by auxiliary. battery 26 in series with 
voltmeter 27. 
The arrangement shown in Fig. 16 provides for 

multiplying two variable factors by a constant. 
Resistor 28, wound to vary as the logarithmic 
value of one factor, bridges battery 29 and is 
traversed by movable contact 30. In like man 
ner, resistor 3, wound to vary as the logarithm 
of the second variable, shunts the terminals of 
battery 32 and is traversed by a second contact 
(33. A third battery, 34, having its terminals 
connected respectively to the lower ends of re 
sistors 28 and 3, has a voltage corresponding 
to the logarithm of the constant involved. Volt 
meter 35, calibrated to indicate the product of 
the three factors, has one terminal connected 
With contact 30 and the second terminal Con 
nected with contact 33, so that it is in series 
with battery 34 and variable portions of resistors 
28 and f3. 
Figures 14, 15 and 16 are offered to illustrate 

the principles of calculation by electric circuits. 
How these principles may be applied to Our 
specific problem, as contemplated in the pre 
ferred form of our invention, may be under 
stood by considering Fig. 9 together with Figs. 
1 and 2. 

Resistor 36 of Fig. 9, wound to vary in accord 
ance with the logarithmic tangent of an angle, 
shunts battery 37, and is traversed by a movable 
contact 38. Contact 38 is controlled by move 
ments of pointer L with respect to base line B. 
(Fig. 1). In series with contact 38 and the 
lower end of resistor 36 are voltmeter 39 and a 
battery 40, having a voltage corresponding to 
the logarithm of base line B. From the fore 
going explanation, it will be clear that if pointer 
R., of Fig. 1, is perpendicular to base line B, volt 
meter 39, having a properly calibrated loga 
rithmic scale, will indicate the instant value of 
distance D. w 
A second resistor f41, wound to vary as the 

logarithmic cosine of an angle, shunts the ter 
minals of a third battery 42 and is traversed 
by movable contact 43. Contact 43 is con 
trolled by vertical movements of either pointer L. 
or pointer R. One terminal of a second volt 
meter 44 is connected with contact 38, and the 
second terminal is connected with contact 43, 
with the result that the indicating needle of volt 
meter 44 will take a position corresponding to 
the voltage registered by voltmeter 39 plus a 
voltage corresponding to the logarithmic cosine 
of angle B. This second voltmeter is calibrated 
to give the instantaneous value of altitude H in 
Fig. 2. 

For the purpose of indicating to the pilot of 
the airplane the deviation of pointer R from the 

5. 
desired disposition perpendicular to base line B, 
one of the three batteries, for instance battery 
42, may be shunted by resistor 45, the resistor 

being the usual type wound to vary linearly and 
being traversed by a movable contact 46. Con 
tact 46 is controlled by horizontal movements 
of pointer R. Woltmeter f47 is in series With 
contact 46 and one end of resistor 45. This 
third voltmeter is so calibrated that at a given 
point, as, for instance, the midpoint of resistor 
45, pointer R is 90 from base line B and the in 
dicating needle shows zero deviation. 

It is apparent that if contact 38 is suitably 
connected with pointer L, or the mechanism as 
Sociated with the horizontal movement of pointer 
L, contact f43 connected to either pointer, or the 
mechanism controlling the vertical movement of 
either pointer, and contact f46 properly con 
nected with pointer R, or the mechanism con 
trolling the horizontal movement of pointer R, 
the System will function automatically, volt 
meter f39 indicating the distance to the beacon, 
voltmeter 44 indicating the altitude of the air 
plane, and voltmeter 47 indicating the deviation 
of the flying axis of the ship from the line of ap 
proach necessary for triangulation involving a 
right triangle. 
The circuit shown in elementary form in Fig. 

9 may be recognized in the schematic arrange 
ment of Fig. 8, corresponding numbers indicat 
ing corresponding parts. Dotted line f48 indi 
cates an operative connection between arnature 
7 and contact 38; dotted line 49 indicates an 
operative connection between armature f O8 and 
contact 43; and dotted line 50 likewise indi 
cates an operative connection between armature 
9 and contact 46. 
How the pointers may be mechanically asso 

ciated with the various resistors, may be under 
stood by considering the construction of a typical 
resistor as illustrated in FigS. ii and 12. Re 
sistor form 5 wound transversely with wire 
5 fa is supported at each end by Spaced stand 

ards 52, the assembly being reinforced by two 
spaced rods 53 fixed to the Standards above and 
parallel with the top edge of form f 5. Form 5 
may be of any suitable insulating material, pref 
erably of sheet material, Such as fibre board. 
Wire 5a is of uniform resistance, and, if it is 
desired that the resistor vary linearly in resist 
ance, the upper and lower edges of the form will 
be parallel. If, however, the resistance is to 
follow the values of a variable, the lower edge of 
the form will be cut to follow the curve of the 
variable, as indicated by Fig. 11. 

Journalled in standards f52, parallel with the 
top edge of form 51, is a worm or screw 54 op 
eratively connected, as by coupler 55, with a 
shaft 56 of one of the four armatures. Screw 
threadedly engaging screw 54 and slidingly en 
gaging rods 153 is a carrier 57, from which one 
or more contacts 58 extend downward to slide 
upon the windings of resistor wire 5 a. Ob 
viously, since the pointer associated with a given 
armature and the contact carrier 57 are both 
driven directly by the armature, the position of 
the movements of the carrier will be in direct 
proportion to the movements of the pointer. 
The ratio of movement of carrier 57 to move 
ment of the associated pointer will be made as 
large as necessary to obtain accurate changes 
of resistance commensurate with Small changes 
in the angular position of the pointer. 

Fig. 13 shows a modification of Such a resistor 
to provide for compensating movements of the 
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6 
resistor winding as required, for instance, in 
resistor 4 of Fig. 8. Angle 6 in Fig. 2 is meas 
ured from the true vertical; therefore, resistor 
4 must have a fixed relation to the vertical re 
gardless of the inclination of the ship. There 
fore, resistor winding if, is movably mounted 
and controlled by suitable means Such as a gyro 
scope, pendulum, or other similar device. The 
resistor shown in Fig. 13 is similar to that shown 
in Figs. 11 and 12, identical parts having Corre 
sponding prime numbers, but resistor form 59 
is slidably mounted in brackets 52' and is op 
operatively connected with some vertical-seeking 
device (not shown), as by pivotally connected 
rod 60. 
The voltmeters may be simply independent in 

dicating devices on a panel, as shown in Fig. 8, 
or the indicators may be mounted on a panel or 
calibrated chart 6 (Fig. 10). Such a chart 
graphically indicates the position of the ship. 
Woltmeter f39 on one side of the chart has an in 
dicating needle 62 positioned to traverse a dis 
tance-reading scale 63. Similarly positioned on 
the opposite edge of the chart is voltmeter 44, 
having its indicating needle f64 movable along 
altitude-reading scale 65. 
The position of the intersection of needles 62 

and 64 relative to chart 6 will vary with the 
position of the airplane in space, and, obviously, 
lines may be drawn on the chart to aid in the 
visualization of the position of the airplane in 
space. For instance, a line 66 may be drawn 
to correspond to the movement of the intersec 
tion of the needle across the chart, as the air 
plane follows a desirable gliding angle or line of 
optimum glide to the landing field (no signifi 
cance is to be attached to the specific disposition 
of line 66 in Fig. 10). By such an arrangement 
the aviator can be informed continuously of his 
position in space relative to such a line of Opti 
mum glide, as well as his position relative to the 
beacon. It will be noted that the accuracy of 
our system increases as the beacon is approached. 
The third voltmeter f4.7 may be arranged at 

the bottom of chart 6 with its indicating needle 
67 having a normal vertical position at the mid 

dle of a scale f 68 calibrated in degrees of devia 
tion from the desired course. Such an arrange 
ment has the advantage of confining the pilot's 
attention to a relatively small area on the chart, 
and reveals the maximum amount of informa 
tion at a glance. 
The resistors may be standard, battery 40 and 

the calibration of the voltmeter varying with the 
base line that a given airplane can accommodate. 
The operation of the preferred form of Our 

invention will be readily understood from the 
foregoing explanation. As the airplane ap 
proaches the desired airport, pointers L and R. 
are automatically trained on the beacon at the 
airport, and the electrical arrangement de 
scribed calculates the instant position of the 
ship in distance to the airport and altitude above 
the ground. The calculations are continuously 
and automatically corrected to give the Succes 
sive instant positions of the ship, Such correc 
tions being made at a rate commensurate with 
the flying speed of the ship. The photo-electric 
eyes respond only to infra-red rays, and only to 

70 

75 

infra-red rays modulated to the predetermined 
frequency. 
The pilot watches needle 67 to keep the ship 

head-on towards the beacon, and watches the 
intersection of needles 62 and 64 to keep his 
ship at the proper gradient of approach, The 
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intersection of the needles moving along line 
f66 advises the pilot of his approximate Speed 
and his distance from the landing field. It will 
be obvious that where the beacon itself is at a 
substantial elevation above the ground, Scale 65 
associated with needle f64 and the disposition of 
line 66 may be arranged to compensate for Such 
elevation. 
The specific form of our invention selected for 

the purposes of illustration and disclosure Sug 
gests a wide range of possible changes and struc 
tural modifications, and we reserve the right to 
all such changes and modifications that properly 
come within the scope of our appended claims. 

For instance, our invention may be arranged to 
utilize the current characteristics of an elec 
tric circuit for the purpose of calculating the 
position of the airplane automatically. In view 
of our disclosure above, such a modification may 
be understood by considering diagrams given in 
Figs. 17 and 18. - 

L' and R' are pointers corresponding respec 
tively to L and R. of Fig. 1. Pointer R' controls, 
as by arm 69, movable winding 70 of a re 
sistor. Pivoted to the same axis as arm 69 is a 
right-angle bell crank having arms and 2, 
arm Y being connected as by link 3 or other 
means with pointer L', so that pointer L' and 
arm 7 are always parallel. By virtue of this 
arrangement, the angle between arm 69 and 
arm T 2 will always be equal to angle 8 at beacon 
N, and contact 74 on arm 72 will measure on 
winding 70 a distance corresponding to the 
magnitude of angle 8. 
Operatively connected with pointer L is a mov 

able contact 75 associated with a fixed resistor 
76, the resistor being taped at an intermediate 

point 77 and being free at the ends. The base 
line for calculation by triangulation is represent 
ed by dotted line B' and the arrangement is 
such that when pointed L' is perpendicular to 
line B', contact 75 is at tap 77 of resistor f76. 
The formula to be used here for the distance 

measured along one length of the triangle is dis 
tance 

D'-B' sin 0 cosec 8, or 
log D'-log B'--log sin 0--log cosec 8, 

The electric circuit may be traced as follows: 
contact 75, wire 78, battery 79, wire f80, limit 
ing resistance f8, wire 82, contact fil4, re 
sistor 70, wire 83, ammeter 84, wire 85, and 
resistor 76. When both pointers are trained 
ninety degrees from base line B', no part of either 
resistor winding 76 or resistance winding TO 
is included in the calculating circuit, at which 
positions of the pointers the current in the cir 
cuit as determined by battery 79 and the 
resistance of the circuit plus limiting resistance 
f8 will correspond in value to the logarithm of 
approximately the maximum distance from the 
beacon at which it is desired the apparatus be 
come Operative, say, a distance of ten thousand 
feet. This value may be termed the 'normal' 
amperage of the System. Resistor 76 varies in 
resistance as the logarithmic sine of an angle, 
the purpose of the arrangement being that as 
far as resistance 76 is concerned, the maximum 
current will flow when contact f 5 is at center 
tap f and the current at other positions of 
contact 5 will be decreased in according with 
the logarithmic sine of angle 0. Similarly, con 
tact 74, cooperating with winding TO, will fur 
ther reduce the current of the circuit in accord 
ance with the logarithmic cosecant of 3. Am 
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2,070,178 
meter 84 has a logarithmic scale in units of dis 
tance and is so calibrated that the position of the 
ammeter needle will indicate the true distance 
to beacon N. Whereas, in the preferred form of 
our invention, the electrical calculating circuit 
in effect adds logarithms electrically, in the 
present arrangement the calculating circuit in 
effect subtracts logarithms electrically, the end 
being the same. 

Fig. 18 is a duplicate circuit associated with 
the pointers L and R' in the same manner as 
the circuit shown in Fig. 17, having prime num 
bers corresponding to numbers in Fig. 17. This 
duplicate circuit has, additionally, a movable 
resistor 86 controlled by a vertical-seeking de 
vice, as before described (Fig. 13), the resistance 
being associated with a movable contact f87 con 
trolled by armature 8. Resistor 86 will be rec 
ognized as corresponding to resistor f4, and con 
tact 87 as corresponding to contact f43 in Fig. 
8. This duplicate circuit is arranged to have 
a minimum current corresponding to the maxi 
mum value of the sum of the four logarithms in 

25 
volved in the equation: 
Log of altitude 

H=log B'--log sin 0--log cosec 5-log cos B. 
Ammeter 88 in this duplicate circuit is cali 
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brated to read in units required, and corresponds 
to voltmeter f44 in Fig. 10 just as ammeter 84 
in Fig. 17 corresponds to voltmeter 39 in Figs. 
8 and 10. 

Fig. 19, indicating an electrical arrangement for 
calculation in which both current and voltage 
are utilized, serves to further illustrate the scope 
of our invention. Battery 89 is shunted by re 
Sistor 90. The positive end of resistor 90 is 
Connected by wire 9 with a voltage terminal of 
indicating wattmeter f92, the other voltage ter 
minal of the wattmeter being connected by wire 
f33 with a contact 94 movable along resistor 
90. Battery fa9 also energizes a parallel cir 

cuit through resistor f 95, a movable contact 96, 
wire f 92a, the current coils of wattmeter 92, 
and wire f 92b back to battery 89. 

Battery 89 represents the base line of the 
triangle, resistor 90 is wound to vary as a desired 
function of One angle; and resistor 95 is wound 
to vary as the desired function of another angle. 
Inasmuch as a wattmeter multiples current by 
voltage, it will be clear that the scale of watt 
meter 92 may be calibrated to read in units 
of the product of these factors. It will be noted 
that this arrangement multiples directly, instead 
of, as in the case of the previous arrangements, 
by adding or subtracting logarithmic values and 
then translating the sum of the logarithmic 
values into an arithmetic product. In view of 
the detailed explanations of the earlier described 
arrangement, it will be clear that a wattmeter as 
sociated with the arrangement shown in Fig. 19 

beacon and a second wattmeter associated with a . 
65 

75 

may be arranged to indicate distance to the 

second and similar arrangement of circuits may 
be utilized to calculate the altitude of the air 
plane. 
In the apparatus heretofore described, the 

relation of the size of the image to the spacing 
of the quadrant cathodes, as affects the accuracy 
of the pointer action, is critical, because it is con 
templated that the motor-controlling relays will 
be operated whenever even a minute portion of 
the image is projected over the edge of a quad 
rant. Hence, the incorporation of a diaphragm 

ing grounded at 202. 

to flow through the plate circuit of tube 2. 

7 
in the lens system of the preferred form of our 
invention heretofore described. .." 
Such a diaphragm is omitted and a more simple 

lens System is used in a Second type or eye We 
have developed. This eye, by virtue of its asso 
ciated control circuit, automatically centers a 
relatively large image, and, having centered the 
image, thereafter responds to minute displace 
ments of the image from the desired central posi 
tion. Such response to minute displacements of 
the image is accomplished, as will be further ex 
plained, by what may be described as electrically 
balancing the energized areas of opposed cath 
Cdes in the eye. 
The cathodes of an eye, in this second form of 

the pointer construction, are arranged as three 
spaced sectors of a circle, ac, 23C and 3ac, as shown 
in Fig. 21, the corresponding areas of the lens of 
the pointer eye being indicated as fy, 2y and 3y 
in Fig. 22. 
The manner in which such a tri-Cathode photo 

electric eye controls an associated pointer may, 
in view of the complete description of the first 
form of our invention above, be readily under 
stood by referring to the Wiring diagram of 
Fig. 23. 
Each eye is incorporated in a pointer construc 

tion in the same manner as heretofore described, 
reference being made to Figs. 3, 4 and 5 of the 
drawings. This modification of our invention 
shows the use of series-wound notors to illus 
trate that either type of motor may be used by 
employing a Suitable relay arrangement. 

In each photoelectric eye, cathode sectors fat, 
2ac and 3ac have a common plate 200, which plate 
or anode is maintained at a positive potential by 
battery 20, the negative pole of the battery be 

Cathode Sectors ac, 2ac and 
3ac, respectively, of the photoglectric eye control 
the input circuits of corresponding amplifying 
tubes 2, 22 and 32. 
For example. current through the photoelectric 

eye affecting tube 2 may be traced in the follow 
ing circuit; ground 202, battery 20, photoelectric 
plate or anode 200, cathode sector fac, wire 203, 
band pass filter comprising condenser 204, and 
two parallel tuned circuits 205, wire 206 and 
ground 207. This circuit is tuned and filtered 
to the modulation frequency and controls the po 
tential of grid 208 in tube 2. 
The three amplifying tubes are of the heater 

type, each having a heating element 209 suitably 
energized (source nint shown), and each having 
a grid-bias battery 2). Current, through photo 
electric cathode fac will affect the potential of 
grid 208, thereby causing a proportional current 

In 
similar manner. Cathode 2ac associated with grid 
2f controls the plate circuit of tube 22, and 
Cathode 3ac associated with grid 22 controls the 
plate circuit of tube 32. 
The output circuits of these three tubes con 

trol two split-wound polarized relays, relay 23 
Controlling the horizontal movements of the 
pointer, and relay 24 controlling the vertical 
movements of the pointer. The center tap of re 
lay 23 is connected by wire 25 to the negative 
pole of battery 26, and the center tap of relay 
24 is connected by wire 27 to the negative pole 
of battery 218. Wire 2 9 is connected to plate 
22 of tube 2, plate 22 of tube 22, and plate 
222 of tube 32. Wire 29 is connected to the post 
tive pole of battery 26 by wire 223 and the post 
tive pole of battery 28 by wire 224. The end 
terminal in relay 23 associated with the half of 

0 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

  



O 

5 

20 

30 

35 

40 

45 

50 

50 

55 

70 

S 
the relay coil marked Right, is connected by 
Wire 225 to cathode 226 of tube 2, and the other 
terminal associated with the left portion of the 
relay coil, is connected by Wire 22 to cathode 
228 of tube 22. The end terminal in relay 24 
at the up side of the relay coil is connected by 
wire 229 and wire 225 to cathode 226 of tube a, 
and the opposite terminal of relay 24 at the 
down end of the relay coil is connected by wire 
230 to cathode 23 of tube 32. 

Again, the terms right, left, up and down 
are used as occurring to a Spectator Viewing the 
pointer from the front. 

Pivoted armature 232 of relay 23 is normally 
held at a central position by a pair of opposed 
Springs 233, and maintains its central position 
both when neither the right coil nor the left coil 
is energized and also when both of the coils are 
equally energized. If the right. Coil alone is ener 
gized, or, both coils being energized, if the right 
coil carries the greater current, armature 232 
will swing against contact 234, thereby closing the 
circuit through wire 235, the right field in the field 
Winding of the motor that controls the horizontal 
movement of the pointer, wire 236, armature 237 
of the motor, wire 238, motor-energizing battery 
239, and relay armature 232. 
When the left coil of relay 23 alone is ener 

gized, or when both coils of the relay are ener 
gized but the greater current flows through the 
left coil, relay armature 232 will. Swing against 
contact 240, thereby closing a circuit througll 
wire 24, the left field of the motor controlling the 
horizontal movements of the pointer, wire 236, 
armature 237, wire 238, battery 239, and relay 
armature 232. 

Pivoted armature 242 of relay 24 is normally 
held in a central position by opposed springs 243, 
and maintains its central position both when 
neither the up nor down coil is energized and 
also when both coils are equally energized. When 
only the up coil is energized, or when, both the 
up coil and down coil being energized, the more 
current flows through the up coil, relay arnature 
242 will swing against contact 244, thereby com 
pleting a circuit through wire 245, the up field 
of the field winding of the motor that controls the 
vertical movements of the pointer, wire 246, 
armature 247 of the motor, wire 248, motor-ener 
gizing battery 249, and relay armature 242. 
When only the down coil of relay 24 is ener 

gized, or, both coils of the relay being energized, 
if greater current flows through the down coil, 
relay armature 242 will swing against contact 250, 
thereby closing the circuit through wire 25, the 
down field of the motor controlling the vertical 
movements of the pointer, wire 246, armature 
24, wire 248, battery 249 and relay armature 242. 
In the arrangement being described, the total 

current through the photoelectric eye is propor 
tional to the total areas of the three cathode 
sectors energized by the image from the distant 
beacon, and may change with the size of the 
image in accordance with changes of distance to 
the beacon. But the response of the pointer 
itself, i. e., the action of the two pointer motors, 
depends upon the distribution of the energized 
areas among the three Cathode Sectors, the re 
sponse being such that the pointer automatically. 
seeks a position at which the energized areas are 
in equilibrium and at which the axis of the 
pointer is directed at the distant beacon. It is 
apparent, then, that changes in the size of the 

5 
image will not affect the accuracy of this form 
of pointer construction. 
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An image appearing on the periphery of a sec 

tor of the photoelectric eye will be caused to 
travel by a somewhat spiral path to a central 
position at which the same proportion of the 
image Will Overlie each of the three Sectors of the 
photoelectric eye. The reaction of the pointer to 
an image on the photoelectric eye may be illus 
trated by considering what happens when an 
inage appears, for instance, at dotted position 
252 as indicated in Fig. 22. A current being set 
up across the plate circuit of amplifying tube 2, 
the right coil of relay 23 and the up coil of relay 
24 will be energized simultaneously, causing the 
pointer to move to the right and up, thereby 
shifting the image left and downward at an angle 
of forty-five degrees, as indicated by the arrow 
253 of Fig. 22. 
When the image first touches sector 2g there 

Will be no change in the movement of the pointer 
because, while current controlled by tube 2a will 
flow through the left coil of relay 23, that current 
Will be less than the current flowing through the 
right coil of relay 23. Momentarily, at dotted 
position 254, the up coil, right coil and left coil 
Will be equally energized. The right and left coils 
cancelling the effect of each other, only the up 
Coil Will be effective and the image will move 
downward. Immediately thereafter, 
the greater area of the image will lie on the 2gy 
Sector, causing a greater flow of current through 
the left coil than through the right coil, with the 
result that the pointer will move up and left, 
causing the image to move downward and to the 
right, as indicated by dotted line 255. 

Since the image is moving at forty-five degrees 
from the vertical, whereas the line of division be 
tween sectors fly and 2g is disposed at sixty 
degrees Vertical, the image Will clear Sector 2gy at 
position 256. As Sector fg is cleared, however, all 
relay coils except the left coil are deenergized and 
the image moves to the right into sector 2g again. 
The result is that the image progresses in the 
general direction indicated by dotted line 25, 
alternating between movements to the right to 
Wards sector 2g and movements downward away 
from Sector 2gy. 
As soon as the image touches Sector 3gy at the 

dotted position 258, the image will move hori 
Zontally to the right until a larger portion of its 
area overlies sector 3gy than overies sector 2gy, at 
which time the image will turn diagonally up 
ward to the right. Subsequently, the image will 
change to movement vertically upward, followed 
by horizontal movement to the left above the 
midpoint of the eye, and continue in the some 
what spiral path of progression to the center of 
the eye. While the image does not move directly 
to the center of the eye, the response of the 
pointer is Stifficiently rapid to complete the spiral 
within the short time interval required for the 
navigation of a rapidly flying plane. 
A third form of pointer construction, shown in 

Figs. 24-29, is based on the principle of 'bracket 
ing' the image of the beacon by a pair of eyes. 
One photoelectric eye 26 seeks the margin of 
the image at one side, and a second photoelectric 
eye 262 seeks the margin at the opposite side of 
the image, so that the pointer proper, a pivotally 
mounted rod 263 mechanically held exactly mid 
way between the two eyes, is continuously direct 
ed at the center of the image. 
This combination of two photoelectric eyes and 

an intermediate pointer is pivotally mounted on a 
stub shaft 26 extending from fixed base 265. 
A lower gear 266 rotatably mounted on shaft 264 

however, 
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has a sleeve portion 267 extending to the top of 
shaft 264. An arm 268 secured at its inner end 
to gear 266, as by screws. 269, carries at its outer 
end photoelectric eye 26, the axis of the eye. 
being radially disposed with reference to the axis 
of the shaft 264. A collar 270 embraces sleeve 
267 at the top and is provided with a depending 
arcuate flange 27, for a purpose to be described 
later, the angular relation of flange 27 to arm 
268, being fixed by virtue of a suitable key 272 
between the collar and sleeve 26. These men 
bers may be retained on shaft 264 by a suitable 
washer 23, the washer being retained in turn 
by a nut 274 threaded to the reduced end 275 of 
stub shaft 264. 

Pointer 263 is rotatably mounted on sleeve. 267, 
the pointer being provided with an integral sleeve 
276 rotatably embracing the first mentioned 
sleeve 267 and extending upward to collar 270. 
A second collar 277 keyed to the upper end of 
this second sleeve by key 278 is integral with a 
radially extending contact arc 279. This contact 
arm terminates in a downwardly extending finger 

25 
280. Rotatably mounted to sleeve 276 between 
pointer arm 263 and collar 27, is a second and 
upper gear 28 for controlling the second eye 
262. This eye, also radially disposed relative to 
the axis of shaft 264, is at the outer end of arm 
282, secured to the gear as by Screws 283. 
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Pointer 263, near its forward end, is embraced 
by a free-running slide 284, to which are pivotally 
connected ends of links 285 and 286 of equal 
length, the other end of link 285 being pivotally 
connected to arm 282, and the other end of link 
286 being pivotally connected to arm 268, as shown. 
By virtue of slide 284 and the two links, pointer 
263 will always bisect the angle between arms 
268 and 282, so that if eye. 26 is directed at one 
edge of the beacon and eye 262 is directed at an 
opposite edge, the axis of pointer 263 will be di 
rectes at the center of the beacon. 

Journalled in a suitable bracket 287 are a 
worm gear 288 meshing with lower gear 266, and 
worm gear 289 meshing with gear 28 (Fig. 27). 
Gear 288, controlling eye 26, is in turn controlled 
by motor 290, being connected therewith by 
shaft 29. In a similar manner, motor 292 is 
connected by shaft 293 to worm gear 289 to con 
trol the movements of eye 262. 
To deenergize either motor, if it tends to move 

its associated photoelectric eye so far from the 
other eye as to make the pointer linkage inoper 
ative, and again, to deenergize either, or both, 
motors when the two arms are closed together in 
the normal position shown in Fig. 25, certain me 
chanical switching arrangements are necessary. 

For such purpose, the previous identified 
arcuate flange 27, controlled by gear 266, over 
hangs upper gear 28 . . Relative movement of 
flange 27 with respect to gear, 28 in a direction 
to separate the two eyes will, at a desired limit, 
deflect a flexible switch-member 294 (Fig. 24) 
and relative movement in the opposite direction 
tending to bring the two arms together will, at a 
desired limit, deflect a second suitably positioned 
flexible switch-actuating member 295 (Fig. 25). 
Deflection of merfiber 294 opens two switches, 
generally designated by numerals 296 and 297. 
The construction of such a switch may be readily 
understood by referring to Fig. 28, where it is 
seen that switch 296 comprises a fixed contact 
298 and a second contact 299 mounted on mem 
ber 294 and switch 297 also comprises a fixed 
contact 300 and a contact 30 carried by mem 
ber 294, 

9 
When switch-member 295 is deflected by the 

opposite end of flange 27, a switch generally 
designated 302 is opened, the switch comprising 
a fixed contact 303 and a complementary contact 
304 mounted on member 295. 

It is apparent that contact arm 279, being 
virtually an extension of pointer 263, will move 
With the pointer. An electric contact 305 of 
suitable construction is mounted on arm 279 to 
press continuously against a resistor 306, the 
resistor being curved concentric to the axis of 
stub shaft 264. This resistor is wound to vary 
in accordance with the functions or the logarithm 
of a function of an angle. For example, if this 
pointer construction is substituted for pointer , 
of Fig. 1, resistor 306 will be wound to vary as 
the logarithm of a function angle is of the pointer 
With respect to the base line defined by the two 
pointers on the airplane. 
To prevent pointer contact 305 being carried 

past the ends of resistor 306, means should be 
provided to break the energizing circuits of mo 
tors 290 and 292 when the desired limits of point 
er movements are reached. For this purpose, a 
flexible switch member 307 is positioned near one 
end of resistor. 306 in a position to be deflected by 
the overhanging end or finger 280 of the pointer, 
and a similar flexible switch member 308 is posi 
tioned near the opposite end of resistor 306. De 
flection of member 307 opens two switches, desig 
nated generally by the numerals 309 and 30. 
Similarly, deflection of member 308 opens two 
switches, generally designated by numerals 3 ff 
and 32. The construction of these switch 
mechanisms is similar to that shown in Fig. 28. 

It will be apparent that when the pointer as 
Sembly is in the normal closed position, directed 
straight ahead, as shown in Fig. 25, switches 296, 
29, 309, 30, 3, and 32 are in their normal 
closed positions, while Switch 302 is in its normal 
open position. 

Each of the two photoelectric eyes comprises a 
Suitable casing 33 housing a lens system 34 at 
the front and a suitable photoelectric cell 35 
at the rear, each photoelectric cellhaving cathode 
36 and a ring-shaped anode 3 7. - 

Preferably, the cathode of each eye is semi 
circular, as viewed from the front, and, in a pair 
of eyes, the cathodes are oppositely disposed, as 
indicated in Fig. 24, and, again, in Fig. 30, the 
latter figure showing diagrammatically the dis 
position of three pairs of eyes on an airplane as 
viewed from the front. In such an arrange 
ment, each cathode takes in approximately half 
the field of vision of an eye, so that a pair of 
eyes having complementary cathodes, as shown, 
will, together, cover the entire field of vision of 
one eye of the type shown in Fig. 6 or the type 
shown in Fig. 22. To preclude any possibility of 
there being a gap in the field of vision covered 
by the complementary cathodes, switch 302 is 
arranged to close only when the two cathodes are 
moved into definitely overlapping relation, such 
relationship being the normal relationship of the 
two eyes when not affected by the distant beacon. 
The electric circuits incorporated in this third 

form of pointer construction may be understood 
by referring to the wiring diagram, Fig. 29. In 
either of the two eyes, 26 and 262, the circuit 
through the photoelectric cell may be traced as 
follows: negative pole of battery 318, wire 39, 
photoelectric cathode 36, anode 37, wire 320, 
band pass filter comprising condenser 32 and 
two parallel tuned circuits 322, wire 323, and posi 
tive pole of battery 38. 
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An amplifying tube 324 is associated with eye 

26, and a similar tube 325 is associated with 
eye 262. Grid 326 of tube 324 is connected to the 
photoelectric anode side of the associated band 
pass filter and cathode 327 of tube 324 is con 
nected through grid bias battery 328 to the op 
posite side of the band pass filter. 
In like manner, grid 329, of tube 325, is con 

nected to the photoelectric anode side of the 
associated band pass filter, and cathode 330 of 
tube 325 is connected to the opposite side of the 
associated band pass filter through grid bias bat 
tery 33. 
Each of the amplifying tubes is a heater type, 

having a heating element 332 energized from a 
Suitable Source (not shown). 
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The plate circuit of tube 324 includes a suitable 
battery 333 and the Solenoid coil 334 of a relay 
that is generally designated by numeral 335. 
Similarly, the plate circuit of tube 325 includes 
battery 336 and Solenoid coil 33 of a second 
relay generally designated by numeral 338. 
Armature 340 of relay 335 carries two spaced 

insulated contact members 34 and 342. In the 
normal deenergized position of armature 340, 
contact member 342 is free of any contacts, and 
contact member 34 electrically connects spaced 
contacts 343 and 344. When relay 335 is ener 
gized by current through coil 334, armature 340 
moves contact member 34 to a second position 
free of contacts 343 and 344, contact member 
34 in this second position electrically connecting 
a second pair of spaced contacts 345 and 346. 
This same movement of armature 340, when the 
relay is energized, carries contact member 342 
from its normal free position to a second position 
electrically connecting contacts 347 and 348. 
In like manner, armature 349 of relay 338 car 

ries two spaced insulated contact members 350 
and 35. When relay 338 is energized by current 
through coil 337, armature 349 moves contact 
member 350 from a normal position electrically 
Connecting contacts 352 and 353 to a second 
position electrically connecting contacts 354 and 
355, and simultaneously moves contact member 
35 from a normal position free of all contacts 
to a Second position electrically connecting con 
tact members 356 and 357. 

In describing this third form of pointer con 
struction and its action, the words right and left 
will be used as occurring to a person looking out 
Ward Over the pointer from a position at the rear. 
This direction of reference is the opposite of that 
Suggested in connection with the previously de 
Scribed forms of pointers, but is believed to favor 
clarity of explanation. 

Relay 335 controls the action of motor 290, 
thereby controlling the movements of the lower 
photoelectric eye 26, covering the left half of 
the field of vision; and relay 338 controls the 
action of motor 292, thereby controlling move 
ments of upper photoelectric eye 262 responsive 
to the right half of the field of vision. The 
armature and the split field coil of motor 290 are 
generally designated by numerals 358 and 359, 
respectively; and, on the other side of the dia 
gram, the armature and the split field coil of 
motor 292 are generally designated by numerals 
360 and 36, respectively. 
Contact 347 is connected to the left field of the 

motor associated with eye 26, the connection 
being through switches 296 and 3, previously 
described, the switches being in series. Contact 
343, associated with left relay 335, is connected 
to the right field half of field coil 359 of the same 
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motor, the connection being through switch 309, 
previously described, and in series therewith, a 
second switch 362, the purpose of which second 
switch will be described later. 
Contact 357, associated with right relay 338, is 

connected with the right field of the motor con 
trolling the right eye 262, the connection being 
through the two Switches 29 and 30, previously 
mentioned, the switches being in series. Contact 
353 is connected to the left field of the motor 
controlling the right eye 262, the connection be 
ing through two SWitches in Series, Switch 32, 
previously mentioned, and a Switch 363, the pur 
pose of which will be described later. 
Connection is made from the center tap of 

field coil 359 of the motor controlling the left eye 
through armature 358 of that motor to contact 
345 of left relay 335. In a similar manner, con 
nection is made from the center tap of field coil 
36 of the motor controlling the right eye through 
armature 368 of that motor to contact 354 of the 
right relay 338. 
Wire 364 interconnects contact 345 of the left 

relay and contact 354 of the right relay, and is 
connected to one terminal of motor-energizing 
battery 365 by a branch wire 366, this branch 
wire being controlled by switch 302, previously 
described, (Fig. 24). The second terminal of 
battery 365 is connected to wire 367, which wire 
interconnects contacts 344 and 348 of the left 
relay and contacts 356 and 352 of the right re 
lay. 

Suppose, the pointer and eyes being in the 
normal position shown in Fig. 25, the airplane is 
approaching the distant beacon, the beacon be 
ing at the left extremity of the combined field of 
vision of the two eyes 26 and 262. This image, 
energizing cathode 36 of the left eye at the se 
lected modulated frequency, will cause the left 
relay 335 to be energized, whereupon a circuit 
through the motor associated with the left eye 
will be established as follows: battery 365, wire 
367, contact 348, contact member 342, contact 
347, switches 296 and 3, left field of coil 359, 
armature 358, contact 345, contact member 34, 
contact 346, back to battery 365. Motor 290 will 
cause eye 26 to move to the left, and the eye 
will continue to be SO moved until the image 
passes over the inner straight edge of the semi 
circular cathode 36. This same action may be 
described as a movement of the eye towards the 
outside edge of the image of the distant beacon. 
At the beginning of this leftward movement of 

eye 26, switch 302 will automatically close. 
Whenever relay 335 is deemergized while switch 
302 is closed eye 26 will move to the right be 
cause of the circuit: battery 365, wire 366, switch 
302, wire 364, motor armature 358, right field of 
coils 359, switches 309 and 362, contact 343, con 
tact member 34, contact 344, and wire 367 back 
to the battery. Therefore, as soon as eye 26 
moves sufficiently to the left to cause the image 
to traverse the cathode of the eye to a position 
clearing that cathode, the eye will automatically 
reverse to the right. As a result of such an ar 
rangement, left eye 26 will tend to hover at a 
position where the straight edge of its cathode 
will be approximately tangential to the left edge 
of the image. 
When switch 302 first closes at the beginning 

of the leftward movement of the left eye, the 
movement described above, the right eye will also 
move to the left following the first eye, because of 
the following circuit: battery 365, wire 366, switch 
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coils 36, switch 32, switch 363, contact 353, 
contact member 350, contact 352, and wire 367 
back to battery 365. 
As soon as the right eye moves sufficiently to 

the left to cause the image to be positioned on 
its cathode, right relay 338 will be energized 
and the eye will reverse to the right because of 
the following circuit: battery 365, wire 367, con 
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tact 356, contact member 35, contact 357, 
switches 297 and 310, right field of coil 36, arma 
ture 360, contact 354, contact member 350, con- . 
tact 355, back to battery 365. Because these last 
two described circuits alternate, the right eye 
will hover at a position at which the straight edge 
of its cathode will be approximately tangential 
to the image of the beacon, the eye being moved 
automatically to the left when the image does 
not touch the cathode and being moved auto 
matically to the right when the image does touch . 
the cathode. 

Because each eye thus moves outward when 
energized and inward when deenergized, it may 
be said that the two eyes "bracket' the image. 
Whenever the beacon disappears from the field 
of vision of the two eyes, the two eyes will all 
tomatically close together until switch 302 auto 
matically breaks the two motor circuits. 
After a landing is made, the two eyes will usual 

ly come together and be deemergized with the 
pointer directed to one side. For this and other 
reasons, it is desirable that there be independent 
means conveniently operable by the pilot to move 
each pointer to a position straight ahead. For 
this purpose, an auxiliary motor-energizing bat 
tery 369 (Fig. 29) is connected by one terminal 
to wire 364, the other terminal being connected 
to a switch 370. This switch is movable to one 
position connecting with wire 37 to the left 
field of the motor controlling the left eye, and is 
movable to a second position establishing con 
nection through wire 372 with the right field of 
the motor controlling the right eye 262, the nor 
mal position being an intermediate neutral post 
tion. Switch 370 is mechanically connected to 
switch 362 to open that switch when connection 
is made with wire 37 f, and is likewise mechani 
cally connected to switch 363 to open that switch 
when connection is made to wire 372. 
Suppose it is desirable to move pointer 263 to 

the left in order to direct it straight ahead. The 
pilot will move switch 370 from the normal cen-. 
tral position indicated in Fig. 29 to the left, es 
tablishing the following circuit: battery 369, wire 
364, armature 358, left field of coll 359, wire 37, 
and switch 370, back to battery 369. This cir 
cult will cause eye 26 to move to the left, there 

60 

65 

75 

by opening switch 302, and causing right eye 262 
to follow this leftward movement. 

It will be apparent that switch 362 is necessary, 
because otherwise the closing of switch 302 would 
energize the right field of the motor associated 
with the left eye. 
As soon as left eye 26 has moved leftward 

the desired distance, the pilot will return switch 
370 to its normal disconnected position, where 
upon the two eyes will close together until switch 
302 is opened automatically. In the same man 
ner, if switch 370 is moved to the right, a circuit 
will be closed as follows: battery 369, wire 364, 
armature 360, right field of coll 36, wire 372, 
switch 370, back to battery 369. Switch 363 be-, 
ing opened automatically when switch 30 con 
nects with wire 372, energization of the left field 
of coil 36 will be prevented. 

his third pointer construction has several ad 

11. 
vantages. It will accommodate itself to an im 
age of any diameter, the two eyes spreading apart 
to accommodate the dimensions of the image 
while the pointer proper is automatically di 
rected at the center of the image. The eye con 
struction itself is relatively simple, there being 
no critical relationship between cathode spacing 
in an eye and the size of the image. It is in 
portant to note, also, that in the case of the previ 
ously described pointer constructions, the image 
may conceivably vibrate so fast across two op 
posed cathodes as to have the same effect as an 
inordinately large image simultaneously overly 
ing the two opposed cathodes. In the case of 
the present construction, however, the two eyes 
would automatically spread apart to the opposite 
limits of Such vibration, and the pointer, seek 
ing the center of the range of vibration, would 
thereby be directed to the center of the beacon. 
A further advantage of this third type of pointer 
construction is the rapidity with which the point 
er is centered on the beacon. In the other con 
structions, the pointers move circuitously to the 
desired position directed at the center of the 
image, whereas in the present construction the 
pointer-movement is more nearly direct, there 
being no diagonal lines described by the path 
of the image. Another advantage is that the 
area of image necessary to establish an ef 
fective current through the eye is immaterial. 

It is suggested that three pairs of such eyes 
be arranged on an airplane, as indicated by Fig. 
30, showing the arrangement of the eyes as viewed 
from the front. The pointer controlled by the 
pair of eyes on the left wing, the pointer desig 
nated by numeral 373, will correspond to pointer 
L of Fig. 1 and will, therefore, control contact 
38 of Fig. 8. The pointer controlled by the pair 

of eyes designated by numeral 34 on the ex 
tremity of the right wing of the plane corresponds 
to pointer R of Fig. and will, therefore, control 
contact 46, indicated in Fig. 8. The third pair 
of eyes 375 is mounted to bracket the image ver 
tically to ascertain angle B of Fig. 2. The pointer 
associated with this third pair of eyes will, there 
fore, control contact 43 of Fig. 8. It is apparent 
that, with such a hook-up, the instruments desig 
nated in Fig. 8 will indicate the distance, alti 
tude and course, as previously described. 

For the further guidance of the pilot, we have 
devised a ground speed indicator, the construc 
tion of which may be understood by reference to 
the circuit shown in Fig. 20. 
Vacuum tube 876 is shown here as a battery 

operated screen grid tube, although other types 
may be employed. Filament 377 is heated by an 
'A' battery 378, the current being controlled 
by rheostat 379. In the usual manner, screen 
380 of the tube is connected to a central cell of 
'B' battery 38 by wire 382. Plate 383 of the 
tube is connected to ammeter 384 by wire 385, the 
ammeter, in turn, being connected to the posi 
tive pole of battery 38 by wire 385 to complete the 
plate circuit. 
The negative pole of 'C' battery 386 is con 

nected to grid 387 of the tube through a relatively 
high resistance 388. 
An independent circuit comprises a suitable 

battery 389, shunted by a suitable resistor 390 
wound to vary directly as the tangent of an angle. 
This resistor is provided with a movable con 
tact 39, the construction of the resistor and con 
tact being similar either to that indicated by Figs. 
11 and 12 or that shown in Figs, 24 and 25. 
This contact is mechanically controlled by 
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12 
pointer I of Fig. 1 in a manner heretofore sug 
gested, as, for instance, in the manner that con 
tact 38 of Fig. 8 is controlled. The movements 
of the contact are synchronized with the pointer 
so that the potential of the contact as determined 
by its position on the resistor will correspond to 
the tangent of angle p of Fig. 1. Since, as previ 
Ously stated, D=B tan p (see Fig. 1), the tangent 
of p will vary directly as distance D and the po 
tential of contact 39 will also vary directly as . 
distance D. 
Contact 39 is connected by wire 392 to grid 

38 and, therefore, to the grid end of resistance 
388. A suitable condenser 393 is inserted between 
the low potential end of resistor 390 and the nega 
tive pole of 'C' battery 386. It is suggested that 
the condensor have a capacity of one microfarad 
and that resistance 388 have a rating of 10 
ohms, if a time constant of approximately one 
second is desirable. It is apparent that charges 
on opposite sides of condensor 393 will balance 
at values determined by the position of contact 
39 on resistor 390, and that any change in the 
value of the balanced charges occasioned by a 
change in position of contact 39 will cause a 
compensating flow of current through resistor 
388 for a duration of approximately one Second. 
This compensating current is dependent sole 

ly upon changes in potential of contact 39, dy 
ing away whenever the contact is stationary for 
more than a second, and is directly proportional 
to the rate of such changes in the potential of the 
contact. Now the potential of contact 39 at any 
given moment corresponds to distance D, as here 
tofore stated, and, therefore, the value of the 
compensating current through resistance 388 is 
proportional to the rate of change of that dis 
tance, i. e., the speed with which the ship ap 
proaches the beacon. 
Ammeter 384 is indexed to serve as a speed 

indicator, being set to show zero speed at normal 
amperage in the plate circuit as determined by 
normal potential of grid 387. As the airplane ap 
proaches the distant beacon, angle p becoming 
progressively more acute, contact 39 moves to 
wards the positive end of resistance 390, as in 
dicated by the arrow, thereby causing compen 
sating current to flow from the contact through 
resistance 388 to condensor 393. This transitory 
compensating current, by making grid 38 less 
negative, causes a proportionate increase in the 
current through the plate circuit of tube 376, 
so that ammeter 384, being properly calibrated, 
will indicate the instantaneous speed with which 
the airplane approaches the beacon. 

It is true that the ammeter, strictly spreaking, 
does not measure the ground speed, because dis 
tance D is measured in an air line at an angle 
from the horizontal, but this “air line' speed ap 
proximates ground speed so closely that, for prac 
tical purposes, it is not deemed necessary to con 
plicate the apparatus with further means to cor 
rect for the angle of the air line. 
Having described our invention, we claim: . 
1. Apparatus for computing the distance be 

tween tWO points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re 
ceiving point; means at the receiving point for 
receiving said generated electro-magnetic radi 
ation; two pointers associated with the receiving 
point spaced to define a base line for computing 
distance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer on 
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the source of the radiations; and means Operative 
ly connected to at least one of said pointers to 
automatically derive the distance between the two 
points from the angular disposition of Said point 
ers with respect to said base line. 

2. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re 
ceiving point; means at the receiving point for re 
ceiving said generated electro-magnetic radiation; 
two pointers associated with the receiving point 
spaced to define a base line for computing dis 
tance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer on 
the source of the radiations; an electric circuit 
having a variable energy characteristic deter 
mined by two factors, said characteristic corre 
sponding in value with the distance between the 
two points to be measured, said factors corre 
sponding in value With factors in an equation for 
computing the distance by triangulation; means 
interconnecting the pointers and circuit whereby 
the pointers control said characteristic through at 
least one of said factors in accordance with said 
equation; and means controlled by the circuit to 
indicate the instant value of said characteristic, 
said means being adapted to express the value as 
distance between the tWO points. 

3. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re 
ceiving point; means at the receiving point for 
receiving said generated electro-magnetic radi 
ations; two pointers associated with the receiving 
point spaced to define a base line for Computing 
distance by triangulation; means Connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer on 
the source of the radiations; an electric circuit; 
at least One voltage-regulating means associated 
with the circuit corresponding with two or more 
factors in a triangulation equation and adapted 
to vary the voltage of Said circuit in accordance 
with said factors, one of said pointers being oper 
atively connected to said voltage regulator; and 
a voltmeter in said circuit calibrated in units of 
distance. 

4. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re 
ceiving point; means at the receiving point for 
receiving said generated electro-magnetic radi 
ations; two pointers associated with the receiv 
ing point spaced to define a base line for com 
puting distance by triangulation; means con 
nected with each pointer responsive to said elec 
tro-magnetic radiations to automatically train 
each pointer on the source of the radiations; an 
electric circuit having a minimum voltage corre 
sponding in value to the logarithm of a constant 
in a triangulation equation; at least One Voltage 
regulator in the circuit corresponding to a vari 
able in said triangulation equation and adapted 
to vary the voltage of the circuit above said mini 
num in accordance With the values of the loga 
rithm of said variable, one of said pointers being 
operatively connected to said voltage regulator, 
whereby the instant voltage of Said circuit corre 
sponds to the instant value of the logarithm of the 
distance between said two points; and a voltmeter 
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in said circuit having a logarithmic scale cali 
brated to indicate said distance. 

5. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re 
ceiving point; means at the receiving point for 
receiving said generated electro-magnetic radi 
ations; two pointers associated with the receiving 
point Spaced to define a base line for computing 
distance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer on 
the Source of the radiations; an electric circuit 
having a minimum voltage corresponding in value 
to the logarithm of a constant in a triangulation 
equation; at least one voltage regulator associated 
in the circuit, said regulator including a resistor 
wound to vary as the logarithm of a function of 
an angle figuring in said triangulation equation, 
Said regulator being operatively connected with 
a corresponding pointer whereby the instant volt 
age of Said circuit corresponds to the instant 
value. Of the logarithm of the distance between 
said two points; and a voltmeter in said circuit 
having a logarithmic scale calibrated to indicate 
Said distance. 

6. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re 
ceiving point; means at the receiving point for 
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receiving said generated electro-magnetic radia 
tion; two pointers associated with the receiving 
point spaced to define a base line for computing 
distance by triangulation, one of said pointers 
being normally perpendicular to the base line and 
the other pointer forming an acute angle with 
the base line; means connected with each pointer 
responsive to said electro-magnetic radiations 
to automatically train each pointer on the source 
of the radiations; an electric circuit having a 
minimum voltage corresponding in value to the 
logarithm of the length of said base line; voltage 
regulating means associated with the circuit in 
corporating a resistor wound to vary as the log 
arithm of the tangent of Said acute angle; an 
operative connection between the pointer form 
ing the acute angle and said voltage regulator 

60 

whereby the voltage of the circuit varies as the 
value of the logarithm of the distance between 
the two points; and a voltmeter in said circuit 
having a logarithmic scale calibrated to indicate 
Said distance. 

7. Apparatus for computing the distance be 
tWeen two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of Said points, the other being the re 
ceiving point; means at the receiving point for 
receiving said generated electro-magnetic radia 
tion; two pointers associated with the receiving 
point spaced to define a base line for computing 
distance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer on 

, the source of the radiations, one of said pointers 

base line, the other pointer forming an acute. 
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having a normal position perpendicular to said 

angle with the base line varying with the distance 
to be computed; an electric circuit having a 
minimum voltage corresponding in value to the 
logarithm of the length of said base line; voltage 
regulating means operated by the acute-angle 
pointer adapted to add to Said minimum po 
tential a voltage value corresponding to the log 
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arithm of the tangent of said acute angle where 
by the resultant voltage of the circuit will cor 
respond in value to the logarithm of the distance 
between the two points; a voltmeter in said cir 
cuit having a logarithmic scale calibrated in units 
of distance; a second circuit; a voltage regulator 
operatively connected with the normally per 
pendicular pointer and adapted to control the 
potential of said Second circuit; and a voltmeter 
in said second circuit calibrated to indicate the 
angular variance of said pointer from its normal 
perpendicular position. 

8. Apparatus for indicating the altitude of one 
point above a plane through a second distant 
point, comprising, in combination: means gen 
erating electro-magnetic radiations from one of 
said points, the other being the receiving point; 
means at the receiving point for receiving said 
generated electro-magnetic radiation; two point 
ers associated with the receiving point spaced to 
define a base line for computing distance by tri 
angulation means connected with each pointer 
responsive to said electro-magnetic radiation to 
automatically train each pointer on the source 
Of the radiation; distance-calculating means as 
sociated with said pointers responsive to changes 
in the angles of the pointers with respect to said 
base line; an electric circuit; a voltage regulator 
controlled by said distance-calculating means to 
maintain the potential of said circuit at a mini 
mum corresponding in value to the logarithm of 
the airline distance between the two points; a 
Second voltage regulator connected to one of the 
pointers, said second voltage regulator being 
responsive to changes in the angle of said pointer 
with respect to said plane, said second voltage 
regulator being adapted to raise the potential of 
the circuit above said minimum potential by a 
value corresponding to the logarithm of a func 
tion of said angle, whereby the resultant voltage 
of the circuit will correspond in value to the 
logarithm of said altitude; and a voltmeter in 
said circuit having a logarithmic scale calibrated 
to indicate said voltage in units of altitude. 

9. Apparatus for indicating the altitude of 
one point above a plane through a Second distant 
point, comprising, in combination: means gen 
erating electro-magnetic radiations from one of 
said points, the other being the receiving point; 
means at the receiving point for receiving said 
generated electro-magnetic radiation; two point 
ers associated with the receiving point spaced 
to define a base ine for computing distance by 
triangulation; means connected with each pointer 
responsive to said electro-magnetic radiation to 
automatically train each pointer on the source 
of the radiations; distance-calculating means 
associated with said pointers responsive to 
changes in the angles of the pointers with respect 
to said base line; an electric circuit; a voltage 
regulator controlled by said distance-calculating 
means to maintain the potential of said circuit 
at a minimum corresponding in value to the log 
arithm of the airline distance between the two 
points; a second voltage regulator adapted to 
raise the voltage of the circuit above Said mini 
mum potential, said second regulator incorporat 
ing a resistor wound to vary as the value of the 
logarithmic cosine of an angle; means connected 
with one of the pointers to control said second 
regulator in accordance with the angle of Said 
pointer with respect to a perpendicular from 
said plane; and a voltmeter in said circuit having 
a logarithmic scale calibrated to indicate said 
voltage in units of altitude. 
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4. 
10. Apparatus for computing the distance from 

one point to a second point and the altitude of 
the first point above the plane of the second 
point, comprising, in combination: means gener 
atting electro-magnetic radiations from one of 
said points, the other being the receiving point; 
means at the receiving point for receiving said. 
generated electro-magnetic radiation; tWO 
pointers associated with the receiving point 
spaced to define a base line for computing dis 
tance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer 
On the source of the radiations; means operatively 
Connected to at least one of said pointers to 
automatically derive the airline distance between 
the two points from the angular disposition of 
said pointers with respect to said base line; 
and means operatively connected to One of said 
pointers to automatically derive the altitude of 
the first point from said distance and the angle 
of said airline with respect to said plane. 

11. Apparatus for computing the distance from 
one point to a second point and the altitude of 
the first point above the plane of the Second 
point, comprising, in combination: means gener 
ating electromagnetic radiations from one of 
said points, the other being the receiving point; 
means at the receiving point for receiving said 
generated electro-magnetic radiation; two 
pointers associated with the receiving point 
Spaced to define a base line for computing dis 
tance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer 
On the source of the radiations; means opera 
tively connected to at least one of said pointers 
to automatically derive the airline distance be 
tween the two points from the angular disposi 
tion of said pointers with respect to said base 
line; an indicating needle controlled by said 
distance-deriving means; means operatively con 
nected to one of said pointers to automatically 
derive the altitude of the first point from said 
distance and the angle of said airline; an indi 
cating needle controlled by said altitude-deriving 
means positioned to intersect the first needle; 
and a chart associated with said arms calibrated 
to indicate by the position of said intersection 
of the needles the position in space of the first 
point with respect to the second point. 
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12. Apparatus for computing the distance from 
one point to a second point and the altitude of 
the first point above the plane of the second point, 
comprising, in combination: means generating 
electro-magnetic, radiations from one of said 
points, the other being the receiving point; means 
at the receiving point for receiving said gener 
ated electro-magnetic radiation; two pointers 
associated with the receiving point spaced to 
define a base line for computing distance by tri 
angulation; means connected with each pointer 
responsive to said electro-magnetic radiations to 
automatically train each pointer on the source of 
the radiations; means operatively connected to 
at least one of said pointers to automatically. 
derive the airline distance between the two points 
from the angular disposition of said pointers with 
respect to said base line; an indicating needle 
controlled by said distance-deriving means; 
means operatively connected to one of said 
pointers to automatically derive the altitude of 
the first point from, said distance and the angle 
of said airline; an indicating needle controlled 
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by said altitude-deriving means positioned to 
intersect the first needle; and a chart associated 
with said arms adapted to indicate graphically 
by the position of said intersection of the arms 
the position of the first point relative to a desired 
line of travel to the second point. 

13. Apparatus for computing the distance from 
one point to a second point and the altitude of 
the first point above the plane of the second 
point, comprising, in combination: means gener 
ating electro-magnetic radiations from one of 
said points, the other being the receiving point; 
means at the receiving point for receiving said 
generated electro-magnetic radiation; two 
pointers associated with the receiving point 
spaced to define a base line for computing 
distance by triangulation; means connected with 
each pointer responsive to said electro-magnetic 
radiations to automatically train each pointer on 
the source of the radiations: an electric circuit; 
means associated with the pointers to regulate 
the voltage of said circuit at a value correspond 
ing to the sum of the logarithms of factors in 
an equation expressing the distance in an airline 
between the two points; a second circuit con 
nected with the first circuit to receive the regul 
lated potential thereof; means associated with 
One of said pointers to add to said transferred 
voltage in the Second circuit a value correspond 
ing to the logarithmic function of an angle asso 
ciated with said airline and plane, whereby the 
resultant voltage of the second circuit corre 
Sponds to the Sum of the logarithms of factors 
in an equation expressing the altitude of the first 
point above the plane of the second point; a 
voltmeter in the first circuit having a logarithmic 
scale calibrated in units of distance; and a volt 
meter in the second circuit calibrated in units 
of altitude, 

14. Apparatus for computing the distance from 
One point to a Second point and the altitude of 
the first point above the plane of the second point, 
comprising, in combination: means generating 
electro-magnetic radiations from one of said 
points, the other being the receiving point; means 
at the receiving point for receiving said generated 
electro-magnetic radiation; two pointers asso 
ciated with the receiving point spaced to define 
a base line for computing distance by triangula 
tion; means connected with each pointer respon 
Sive to said electro-magnetic radiations to auto 
matically train each pointer on the source of the 
radiations, One of Said pointers having a normal 
position perpendicular to said base line, the other 
pointer forming an acute angle with the base line 
varying with the distance to be computed; an 
electric circuit having a minimum potential corre 
Sponding in value to the logarithm of the length 
of said base line; voltage-regulating means oper 
ated by the acute-angle pointer adapted to add 
to said minimum potential a voltage value corre 
sponding to the logarithm of the tangent of said 
acute angle, whereby the resultant voltage of the 
circuit will correspond in value to the logarithm 
of the distance in an airline between the two 
points; a voltmeter in said circuit having a loga 
rithmic scale calibrated in units of distance; a 
second circuit; a voltage regulator operatively 
connected with the normally perpendicular 
pointer and adapted to control the potential 
of said second circuit; a voltmeter in said second 
circuit calibrated to indicate the angular variance 
of said pointer from its normal perpendicular 
position; a third circuit associated with the first 
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circuit to receive the regulated potential thereof; 
means connected with one of said pointers to add 
to said transferred potential in the third circuit 
a value corresponding to the logarithmic func 
tion of an angle associated with said airline, 
whereby the resultant voltage of said third cir 
cuit corresponds to the logarithm of the altitude 
of Said first point above the plane of said second 
point; and a voltmeter in said third circuit hav 
ing a logarithmic scale calibrated in units of alti 
tude. 

15. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of said points, the other being the re-. 
ceiving point; means at the receiving point for 
receiving said generated, electro-magnetic radi 
ation; two pointers associated with the receiv 
ing point spaced to define a base line for Com 
puting distance by triangulation; means Con 
nected with each pointer responsive to said elec 
tro-magnetic radiations to automatically train 
each pointer on the source of the radiations; an 
electric circuit; means operated by said pointers 
to vary the voltage of said circuit in accordance 
with the distance between the two points; and 
a voltmeter in said circuit having a scale cali 
brated in units of distance. 

16. Apparatus for computing the distance be 
tween two points, comprising, in combination: 
means generating electro-magnetic radiations 
from one of Said points, the other being the 
receiving point; means at the receiving point for 
receiving said generated electro-magnetic radi 
ation; two pointers associated with the receiv 
ing point spaced to define a base line for com 
puting distance by triangulation; means con 
nected with each pointer responsive to said elec 
tro-magnetic radiations to automatically train 
each pointer on the source of the radiations; 
an electric circuit; means operated by Said point 
ers to vary the amperage of said circuit in ac 
Cordance with the distance between the two 
points; and an ammeter in Said circuit having a 
Scale calibrated in units of distance. 

17. In a device of the class described, a direc 
tion indicator reactive to a beacon generating 
electro-magnetic radiations, said indicator com 
prising, in combination: a pointer mounted for 
angular movement through two planes; a reversi 
ble motor for moving the pointer in one plane; 
a motor circuit adapted to energize the motor 
in one direction in said plane; a motor circuit 
adapted to energize the motor in the opposite 
direction in said plane; a second motor for mov 
ing the pointer in the second plane; a motor 
circuit adapted to energize Said Second motor 
in one direction; a motor circuit adapted to 
energize said second motor in the opposite di 
rection; a pair of diametrically opposed photo 
electric cells connected with the pointer and 
aligned with the plane of pointer-movement as 
sociated with the first motor means, said cells 
being responsive to said radiations; a second pair 
of diametrically opposed photoelectric cells 
aligned with the plane of pointer-movement as 
sociated with the second motor means; means 
associated with Said receivers to focus said radi 
ations to an image spot at the range of said 
cells; a normally Open Switch in each of said 
motor circuits; four switch operating means, 
each operatively connected with one of said 
switches and controlled by one of said cells, 
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whereby the image point on a given photoelectric 
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cell causes the pointer to turn towards said bea 
con; and means to deenergize either of said mo 
tors when both of its associated photoelectric 
cells are energized. 

18. In a System for indicating direction, the 
combination of: a pivotally mounted pointer, 
motor means for pivotally moving the pointer; a 
distant beacon radiating modulated quasi-opti 
cal Waves; lens associated with the pointer to 
focus Said waves to an image spot; and photo 
electric means connected with the pointer and 
lens responsive to said waves, said photoelectric 
means having plate circuits filtered to such mod 
ulation, and adapted to control said motor means, 
Said cells and output circuits being so constructed 
and arranged that the motor keeps the pointer 
trained on said beacon. 

19. In a system for indicating direction, the 
combination of: a pivotally mounted pointer; 
motor means for pivotally moving the pointer; a 
distant beacon radiating modulated quasi-optical 
Waves; lens aSSociated with the pointer to focus 
Said waves to an image spot; and a plurality of 
photoelectric cells responsive to said waves con 
nected with the pointer and disposed around the 
axis thereof to receive said image spot, said cells 
having plate circuits selectively tuned to the mod 
ulation of the waves, and adapted to control said 
motor means and arranged to move the pointer 
to a position centering the image spot on the 
axis of said cells, thereby training the pointer 
On Said beacon. 

20. In a device of the class described, a direc 
tion indicator reactive to a distant source of elec 
tromagnetic radiations, said indicator compris 
ing: a pivotally mounted pointer; reversible mo 
tor means to move the pointer through two 
dimensions; reversible motor means to move the 
pointer through the third dimension; three pho 
toelectric cathodes on the pointer grouped about 
the axis of the pointer, responsive to said elec 
tromagnetic radiations; means on the pointer 
to direct an image of Said radiations towards 
Said Cathodes; a plurality of relays controlling 
the first motor means; a plurality of relays con 
trolling the second motor means; and three 
plate circuits controlled respectively by said 
photoelectric cathodes and controlling in turn 
Said relays, said plate circuits being energized 
in proportion to the energization of their re 
Spective photoelectric cathodes, said relays being 
responsive to plate circuits having preponderant 
current, said relays and plate circuits being ar 
ranged to cause the pointer to move to a position 
directed at said Source. 

21. In a device of the class described, a direc 
tion indicator responsive to a distant source of 
electromagnetic radiations, said indicator com 
prising; a pivotally mounted pointer; a photo 
electric eye mounted to pivot on the same axis 
as the pointer; a reversible motor to move said 
eye; a second photoelectric eye on the other 
side of the pointer pivoted on the same axis as 
the pointer; a reversible motor to move said 
Second eye, each of Said photoelectric eyes hav 
ing plate circuits controlling the circuits of said 
motors, Said circuits being arranged to move 
each eye towards the pointer when de-energized 
and away from the pointer when energized; link 
age interconnecting the pointer and the two eyes 
to maintain the pointer at a position bisecting 
the angle between the two eyes; and a switch 
to de-energize said motors when the two eyes 
close together. 
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22. In a direction indicator responsive to a tor whereby each eye is moved away from the 

distant beacon radiating electromagnetic waves, other eye when energized by the beacon and 
the combination of: two photoelectric eyes re- towards the other eye when de-energized; and 
sponsive to said beacon, said eyes being pivoted mechanical means to de-energize both motors 
on a common axis; two reversible motors to move when the two eyes close together. 
the two eyes respectively, each of said eyes hav- FRANCIS M. POTTENGER, JR. 
ing a plate circuit controlling the aSSociated mO- JAMES R. BASLEY. 

  


