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1 
This invention relates to attack against a 

moving enemy from a base by means of a ray 
guided missile. ' 

An object is to provide a method of control 
whereby a missile is guided toward collision with 
an enemy craft all during the time after it has 
left the launching station until it explodes near 
the enemy craft. 
Another object is to provide a self-steering 

submarine torpedo which shall travel in pre 
determined relation to rays emitted from a 
target, till detonation occurs. 
Our invention is particularly concerned with 

a missile or projectile capable of changing its 
own course after launching which no ordinary 
projectile can do, it being well understood that 
if a target changes course or speed after an 
ordinary ‘projectile, aimed to hit it has left its 
gun, a miss is sure to be registered. ' 
The plan is to "illuminate” the target, prefer 

ably by means of a radar transmitter, then to 
launch the missile or torpedo and guide it by 
rays reflected’ back from the target. Our new 
guided projectile or missile is launched into the 
air (or water), picks up these rays and guiding 
itself upon them, chooses a course which willv 
bring it closer and closer to the target. In this 
way a target will be hit, no matter what evasive 
tactics it employs. 
We are well aware that to guide a missile to a 

target along rays therefrom has been proposed, 
but such methods cause the missile, to‘ be 
launched in the general direction of the target, 
and then propose to have it swing around a curve 
and “chase” the target until it is hit. Or the 
missile is kept in the line of sight to the target 
by rays reaching it directly from the tracking 
radar. In this connection we have found, that, 
for straight ?ight these methods are fairly feas 
ible, but if a target undertakes evasive action, 
the rapid turns necessary to the missile, cause 
centrifugal forces within it of magnitudes too 

‘ great for practical design. Our calculations have 
shown such forces to reach a maximum of even 
100 G, under extreme conditions. 
However, in the methods which we propose, 

no very great centrifugal forces are encountered, 
since the projectile travels, once it has oriented 
itself after launching, for the most part-fairly 
straight so long as the target ?ies straight, and 
does not change speed. Our novel missile, 
shortly after launching, chooses, preferably, a 
collision course to the target while its ray-guided 
control faces in a different direction, that is, 
towards the target. The preferred method, care 
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2 
ried out automatically by the apparatus of our‘ 
invention, it will be seen, is the method which‘ 
could be used by a swimmer bearing a hand 
grenade in an attack on a moving boat, for in-' 
stance. Such a swimmer, according to our new 
method, would launch himself into the water 
towards the then position of the boat, keep his 
eyes on the same while swinging his body around 
towards parallelism with its motion and at the 
same time pivoting his head on his body in, 
opposite sense to the swinging of his body in 
order to keep in View the boat. Eventually, the 
swimmer having more speed than the boat, the 
head, with eyes ?xed on the target, would crease 
to turn further on the body and the body cease 
to change course because the’ swimmer, by so 
maneuvering, would have gotten his body on‘ 
collision course to the boat, meeting it after an 
interval determined by the excess of speed the 
swimmer has over the boat, as is well understood. 
For a more complete understanding of the in 

vention, reference may be had to the accompany 
ing drawings, in which: 
Figure 1 is a schematic diagram illustrating 

the general mode of operation of the missile guid 
ing apparatus of this invention, prior to ?ight 
of the missile; 

Fig. 2 is ,a similar diagram, illustrating con 
ditions during ?ight of the missile toward the 
target; 

Fig. 3 is a perspective view of the guided mis 
sile of this invention, certain portions being 
shown exposed with the casing broken away in 
the interest of clarity; 

Fig. 3a illustrates a modi?ed form of the gyro; 
scope control system of Fig. 3; 

Fig. 4 is a perspective view of the missile of 
this invention, including the housing which is 
incompletely shown in Fig. 3; 

Fig, 5 is a perspective view of a wing-borne 
modi?cation of the missile of this invention, the 
housing being broken away to show the interiorv 
construction; and 

Fig. 6 illustrates diagrammatically an electro 
mechanical induction resolver utilized for in 
troducing corrections into the steering mecha 
nism of the missile shown in Fig. 5. 
Referring to Fig. 1 of the drawings, numeral 

l? designates a conventional radar or other ray 
, transmitter, which keeps track of, and projects‘ 
waves against, a moving target, for instance an: 
airplane as illustrated at ll. Of the whole 
bundle of rays emitted by the transmitter [0,3 
the emitted ray I2 is shown as re?ecting back. 
from the target alongvthe line ‘I13 and intothek 
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“dish” or collector I4 and there concentrated 
upon the ray-receiving antenna mounted therein. 
This “dish” is universally mounted upon the 
missile body I5. The whole assembly is shown, 
ready for launching on the catapult I6 which is 
about to launch it in the general direction of 
the predicted impact or collision point I‘! for 
the target direction shown. The dish I4 is, of 
course, lined up with the ray I3 and forms an 
angle D with the intended ?ight path I8 of the 
missile I5 which carries it. This angle D may 
be called “de?ection” and it is obviously also 
relative bearing of target measured from the 
nose of the missile. If the angle D is the correct 
angle of travel for the missile I5 to hit the target 
II at the point I1, then the line I8 is the colli 
sion course for that target. For such a course, 
it is well-known, that the target ‘bearing angle 
D remains constant so long as the target 'main 
tains its speed and direction and the missile 
does likewise. In other words, when the target 
has travelled to the point I9, in its path, the 
missile Will have travelled to the point 20, the 
then line of (future) guiding rays Ill-20 will 
be parallel to the line of present guiding rays I3 
andv the then (future) target bearing angle, DI, 
will be equal to D, the present target bearing 
angle, or launching de?ection angle. Thus our 
novel ray-guided missile may be launched with 
appropriate de?ection angle to the radar rays 
re?ected from a target and travel to collision 
with the target by keeping this angle constant. 
Now, we realize, that such a launching proce 

. dure is in common use in ?ring an ordinary 
projectile at a moving target, but with such a 
projectile there is no guidance for the missile 
after it leaves the gun, whereas our novel mis 
sile is guided during the whole time of its travel. 
Furthermore, in gun ?re, should a target change 
course or speed after the angle D was calculated, 
the target would not be hit, whereas our novel 
projectile will hit in spite of any evasive action 
of the target. 
For instance, referring again to Fig. 1, should 

the target II, at the point l9 start to veer as 
shown in the drawing our novel missile, by the 
peculiar action of the apparatus, to be described, 
would change course accordingly and select a 
new de?ection angle D2, then a second new angle 
D3 and then maintain the latter constant be~ 
cause the target has ceased to veer and pursues 
another straight path 2|, as shown. 
Although this plan is perfectly feasible, there 

is, however, a better plan preferred by us, at the 
present time. Some time is necessarily required 
to calculate the angle D and in modern warfare 
time is at a premium. For this reason we have 
invented our preferred system which obviates 
this difficulty quite completely. Our method per 
mits the missile to be launched directly at the 
target, if desired, and allowed to ?nd its own 
de?ection or relative target bearing angle D, and 
the appropriate collision course. This action 
occurs, as hereinafter described in detail, be 
cause of the articulation of the ray-sensitive 
dish I4 upon the missile body I5 and the cross 
connected servo-mechanisms shown in the ?g 
ures. 
How this is accomplished we have illustrated 

in the diagram of Fig. 2, to which reference is 
now taken. 
In this illustration the missile I5 is shown in 

?ight in correct orientation to hit the target II 
at the point I‘! and the target has ?own from 
the point 22 at which the missile was discharged 
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4 
from the catapult I6, which is shown as still 
aiming at that point. The missile has steered 
itself around the curve 23 to the position in 
which it is shown and is now being guided to 
wards collision with the target by the re?ected 
ray I3 from the radar transmitter ID received 
into the dish I4. By using this method, without 
calculating de?ection, the missile may be dis 
charged at the target and, if its speed at ?rst is 
not up to maximum or changes in ?ight no harm 
will be done, whereas, in the method of Fig. 1 a 
value of speed has to be assumed both for target 
and missile in order to calculate the angle D. 

In both the methods described above, guid 
ance of the missile on collision course to the 
target is obtained by keeping the angle of rela 
tive target bearing D, as nearly constant as pos 
s‘ible. To say this is to de?ne again the phrase 
“collision course” which is understood in navi 
gation to be that course of one ship toward an 
other moving ship characterized by the fact that 
theangle, between the bow of the ?rst-mentioned 
ship and a line of sight to the moving ship, re 
mains constant. The angle D is kept constant 
by the missile changing course to keep the dish. 
I4 aligned with the rays re?ecting from the tar 
get. 
incorporated in our invention is to keep constant 
the true target bearing angle of target to missile 
rather than the relative target bearing angle of 
target to missile. This insures that the direc 
tion of the dish M will be more stable and not 
caused to oscillate across the guiding rays due 
to the correcting maneuvers of the missile, it 
self. We accomplishthis by incorporating gyro 
scopes as will hereinafter be described. By true 
bearing, of course, we mean the bearing of the 
dish I4 to the meridian. 
Referring now to Fig. 3 we will-describe, in I 

detail, the mechanism, which we at present pre 
fer, to accomplish our novel results. Here the 
missile is again designated I5 (but has parts 
broken away to show interior mechanism) and 
the ray-receiving dish Id. The dish is univer 
sally mounted at the front of the device and the 
propelling and steering rocket is shown at 24. A 
weight 25 attached to the underside of the mis-~ 
sile acts as a guide in launching in cooperation 
with the slot in the catapult I6, and also to keep 
the missile upright in its ?ight. Explosive may 
be carried in the compartment 26. 1 

In Fig. 3 the dish at [4 has shown, within it, 
in dotted lines, the antennae 2'1, 28. The anten-' 
na 21 is provided to detect deviation of the re 
ceived rays laterally and the antenna 28 is 
provided to detect deviation of the received ‘rays 
vertically. The antenna indicated in the draw 
ings'at 21 and 28, being no part of our invention, 
may be of any type of device known to be sensi-' 
tive to the angle of impingement of rays upon 
the re?ector-dish I4 and may conveniently be of' 
the type shown in the United States patent to 
Henri Moueix, Serial No. 2,176,469 patented 
October 17, 1939. In this case the transmitted 
rays from our transmitter shown at l0, Figs. 1 
and 2, would be duplex, as described by the in 
ventor, with di?erentiating modi?cations, and in 
both the vertical and the horizontal. The dish 
or re?ector I4 containing the antennae is uni 
versally mounted as shown, having one axis dis 
posed for lateral alignment of the dish and an 
other axis for vertical alignment of the same as 
shown, the dish I4 being ?xedly mounted on the 
element or bail 29, which is pivoted top and‘ 
bottom in the ring or bail’ 30. This ball is itself 

A re?nement of this plan which we have. 



2,557,401 
5. 

mounted‘ in hearings in the struts 3| for rotation‘ 
in the vertical plane and thus the well-known‘ 
Cardan, Hooke’s or universal joint is provided 
for the dish l4 with its antennae 21, 28. Upon 
the thus universally mounted dish-carrying ele 
ment '29 are carried also two rate gyroscopes, 
that shown at 32 being provided for lateral rate 
and that shown at 33 for vertical rate. In order 
that these controlling gyroscopes may control 
the dish I4 follow-up motors are provided, that 
at 34 being provided for lateral control and that 
at 35 for vertical control. The gyroscope 32 is 
provided with a magnet 3-6 which cooperates 
with the follow-up coil 31 mounted on the ele 
ment 29 to control the motor 34 (through suit 
able power ampli?er 38 which may be like that 
shown in Sect. 7—page 84 of Electrical Engi 
neer’s Hand Book by Pender & McIlwain, v01. 5). 
The vertical rate gyroscope 33 is provided with 
a magnet 39 which cooperates with the follow-up 
coil 40 to control the motor 35 (also through 
another similar power ampli?er 4|). Any de 
viation of the dish [4 laterally, due to swinging 
of the missile in space, will cause the gyroscope 
32 to process against the spring 42, actuate the 
follow-up coil 31 and the motor 34 to swing the 
element 29 in the ring, 30, and any deviation 
vertically, due to swinging of the missile in 
space, will act likewise to swing the bail 3!! in the 
vertical, both these corrections being relative to 
the missile itself. In this way the dish is caused, 
as will hereinafter be explained, to maintain 
alignment with the arriving, guiding waves. 
As indicated in Fig. 3, the missile is to be 

driven preferably by a mechanism of the rocket 
type shown at 24 mounted by means of its ball 
portion 43, movably seated in a socket in the 
rear wall 44 of the missile l5, for universal rota“ 
tion therein. This rocket is intended to propel 
the missile and also to steer it under the in 
?uence of the received rays impinging on the 
antenna in the dish or re?ector l4. The ball 43 
has a tail or steering extension 45 within the 
missile [5 which is provided with a gear sector 
46 to which is geared a motor 41. This motor is 
mounted on a bail 48 which is pivoted as shown; 
in the back wall 44, concentric with the ball 43 
and in a plane at right angles to the keel weight 
25. A second motor 49 mounted within the mis 
sile, through the sector 50, is adapted to swing 
the bail 48in the vertical. By these means the 
rocket may be aimed in any direction relative to 
the missile-and thus steer it as required. When 
no current is fed to the motors 41 and 49 the. 
centering springs 53 shown restore the rocket 24 
to alignment with the axis of the missile as is 
well understood. Power may be supplied by 
multiple storage battery shown at 85. The dot 
ted lines represent electrical connecting cables. 
The operation of the device just described and 

shown in Fig. 3 is as follows: 
The missile, with its equipment, is launched, 

preferably, towards the target, with ‘the dish 14 
as shown lined up with the arriving rays and the 
axis of the missile l5, as is also the rocket 24. 
The gyroscopes are spinning and the dish 14 is 
concentrating the rays being received from the 
target on to the antennae 21 and 28. The mis 
sile is speeding towards the initial position of the 
target, toward which it was launched, and the 
arriving rays entering the dish H! are beginning 
to deviate from the centerline of the dish in the 
direction of ?ight of the target. The antennae 
2'1, '28 perceive the deviation, analyze it (after 
the manner of Moueix, above-mentioned, for in; 
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stance) and feed impulses, through the power 
ampli?ers 5| and 52 (similar to the one marked 
38) to the steering motors 4‘! and 49. This 
causes the missile to steer around in the direc 
tion of target ?ight carrying with it the dish M 
with its gyroscopes 32 and 33. The gyros feel 
immediately the angular change and process 
accordingly, causing the follow-up motors 34 
and 35 to swing the dish I4 upon the missile I5, 

j by deliberate cross-connection of wiring, in the 
opposite direction to the target motion. . This 
opposite swing of the dish [4 across the guiding 
rays, momentarily aggravates the deviation and 
causes the steering motors 41 and 49 to swing 
the missile around in direction of target ?ight 
at a rate much greater thanthe ray deviation 
rate. Of course, all these motions occur practi 
cally simultaneously, and the net result is that 
the dish l4 follows the guiding rays, and ‘the 
missile steers rapidly around in direction towards 
collision course. 
called, is a course for the missile l5, such that 
the dish I4 is kept facing the target, with only 
momentary drift therefrom.) When the an-' 
tennae 21, 28 detect no more deviation the mis'- 
sile is on collision course and dish and missile 
remain disposed at an angle, as is illustrated in‘v 
both Figures 1 and 2. r 

The previously proposed “chasing” types of 
guided‘missile are quite different from our type 
of guided missile in that with them, when the 
guiding ray swings around, the missile swings in 

, the same direction at the same speed and the 
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- ment is only theoretical. 

dish and missile are always lined up with each 
other.~ In our type, however, the missile‘ is no' 
sooner launched at the target, than the dish and 
missile, start getting out of line, only stopping 
the process when collision course is found. Our 
missile ?ies along in one direction with the dish, 
looking in another entirely different direction. 
In Fig. 3, it will be understood that for the‘ 

purpose of clarity, we have shown the gyro sys} 
tem out in the air in front of the missile body 
but it will be recognized that such an arrange 

Actually all the mech 
anism is snugly housed in the body of the mis-__ 
sile and such a practical form of our inventionv 
may take the shape shown in Fig. 4. This ?gure 
is, we believe, self-explanatory, like parts being 
like numbered, as in the other ?gures. 
In Fig. 5 a more elaborate form of our inven 

tion is shown. The missile in this form has air~_ 
foils, rudder and elevator, wings and ailerons in 
order to be able to make sharper turns. The 
dish, antenna and its mountings are shown quite 
the same as in the other ?gures and are like 
numbered, but a third gyroscope is provided to 
stabilizethe system in the horizontal when the 
missile is banking. In other words, our missile 
here takes the form more of a “robot” attack 
plane than of a simple projectile. 

Referring now to Fig. 5 the device will be 
described in detail. ' ‘ 

The antenna dish [4 is mounted as before on 
the element 29 which, in turn, is carried by the 
ring 30, pivoted in the member 3|. Gyros are 
provided for lateral and vertical correction and 
all parts cooperating therewith are quite similar 
to those shown in Fig. 3' being also numbered 
likewise. The member 3|, which was, in Fig. 3, 
a pair of supporting struts extending from the 
missile'body, has-become, in Fig. 5, a fork or yoke 
and instead of being ?xedly mounted on the 
missile body l5, it is here pivoted in the missile 
body, as shown, for axial rotation therein being 

(Such a course, it will be re-_> 
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carried in the journals 54 and 55.- By this means 
the dish I4 is given a third axis of adjustment 
which renders it mechanically independent of 
the angular maneuvers of the missile body I5. 
The reason for this third pivot’ will be clear 
when it is realized that a missile, with wings 
such as this one has, must bank in order to make 
turns and such banking would disturb the gyros 
32 and 33. But, for this very reason, another 
gyro and associated control must be provided to 
control this pivot and keep the supporting axis 
of the ring 30 in the fork 3! at all times substan 
tially horizontal. This additional gyroscope is 
indicated at 56 in Fig. 5 and has, as do the other 
gyros, a follow-up coil 51, a cooperating gyro 
magnet 58, a restraining spring 59 and follow-up 
motor 66. When banking, or other motion of 
the missile body, tends to force the axis of the 
ring 30 out of the horizontal, the gyro?t, by the 
means, above-described, causes the follow-up 
motor 66 to change the angular relation of the 
fork 3| to the missile body 15 to make the neces 
sary correction. By the use of three gyroscopes 
and their associated apparatus in this manner 
the dish M tends to maintain, at all times, its 
orientation in space, as explained in detail in 
connection with the description of Fig. 3. 
In the Fig. 5 under consideration, the steer 

able rocket shown in Fig. 3 is replaced by a ?xed 
rocket 6|, and conventional aircraft rudder 62, 
elevator 63 and ailerons 64. The rudder 62 is 
controlled as in Fig. ‘3 by the follow-up motor 65 
operated thru the power ampli?er 65 and the 
elevator 63 is controlled by the follow-up motor 
61 through the ampli?er 68, both being primar- ' 
ily controlled by the antenna in the dish lil 
thru the cables indicated as dotted lines. The 
ailerons are caused to keep the plane of the 
wings of the missile perpendicular. to the re 
sultant of gravity and centrifugal force, as is 
well understood, by means of a simple pendulum 
P and contacts 69 and motor 10 driven by ampli 
?er 12. Thus, when the operation of the rudder 
causes the missile to turn and the pendulum P 
to swing, the ailerons 64 cause the device to 
bank properly. The banking action,. however, 
causes the plane of the wings to make (in rapid 
turns in following evasive targets) quite an angle 
with the plane of the controlling member, but 
the system supporting the dish l4 remains on 
even keel, due to the gyro 56, and therefore the 
signals from the same are reproduced on the 
rudder and elevator distorted by the trigonometq 
ric functions of the said angular displacement. 
In extreme cases, where the missile banks al 
most to the vertical, deviation of the guiding 
rays in the horizontal plane would be causing 
correction by rudder in almost a vertical plane 
with practical loss of control of the'missile. For 
this reason we have provided a correcting re 
solver at ‘H which we prefer, at the present time, 
to be an electrical resolver of the well-known 
synchronous motor type, such as is described in 
Patent No. 2,467,646, for example. This dis 
placement or banking angle, as measured by 
gyroscope 56, is fed mechanically into the re 
solver ‘H and the signals corrected by the neces 
sary trigonometric functions. The resolver l I is 
actually a pair of resolvers made in one unit, one 
for elevation and the other for steering. The 
windings are diagrammatically shown in the 
small Fig. 6. In this ?gure, the body of the 
resolver is indicated by the dotted line 73, the 
rotor bearing shaft 14 (shown also in, Fig.5), 
Therotor (not shown) carries thelwindings 15 
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8 
and ‘I6 and the- shell or stator 73 carries the; 
windings 16 and ‘H. When in the position shown 
the coils on the stator repeat signals to the coils 
on the rotor in one to one ratio corresponding to 
the condition when the craft is on even keel (not 
banked). But when the shaft 14 is rotated by 
the gyro follow-up motor 66 the coils of stator. 
and rotor are thrown out of line and the signals 
produced in the rotor are trigonometric func'-' 
tions of those in the stator. The input leads 18 
for the stator coil 16 are represented, in Fig. 5,; 
by the dotted cable 19 and the output or rotor: 
leads 80 are represented in Fig. 5 by the dotted 
cable 6|. This completes the rudder correction 
and the elevator system is as follows-stator coil 
leads 82 correspond to the dotted cable 83 and 
the rotor or output leads 84 correspond to the. 
dotted cable 85 in Fig. 5. The missile of Fig.6 
just described is launched similarly to that of 
Fig. 3 and keeps its radar ray receiver dish- I4; 
lined up with the guiding rays while the winged 
missile body ?nds the collision course to the ray. 
re?ecting target. But, due to its airplane type 
controls, this form of our invention is better. 
adapted to attack rapidly maneuvering targets; 
such as dive bombers or destroyers. ' 1‘ 
While we have illustrated in Figs. 3 and-5 

various forms of our invention, the forms shown 
have one thing in common, the fact, that in‘ 
operation the initial deviation of the guiding 
ray causes the missile proper to swing rapidly-inv 
the same direction, which motion causes the gyro 
systems to swing the dish in the opposite direc" 
tion on the missile. However, we havev consid 

: ered another method of electrical connection of 
the same elements of our invention, in which the‘ 
deviation of the guiding rays causes the dish and; 
gyros to be swung (by the motors 34 and 35) in 
the opposite direction on the missile (after a 
momentary forward motion) and - the ‘missile 
immediately thereafter to be swung in the same 
direction as the deviation. This form is easily, 
made from the form shown in Fig. 3 by switch 
electrical cables as shown in Fig. 3a, wherein all 
parts are similar to those of Fig. 3 and like-w. 

"' numbered. Howeventhis form of our invention 
has the same basic feature as the other forms; 
shown, that is the swinging of the ray-receptor: 
on the missile in opposite sense to the ray devia-; 
tion and the missile in the same sense but fasten 
Although we have con?nedour description ‘of 

our invention to .combat in the air, we do not. 
limit ourselves to this use,v but propose to con-{ 
trol submarine torpedoes by sound waves also1 
Besides these we plan power attack missile boats 

* and “tanks” for land use. ~ 

Of course, it will be obvious that many other. 
forms of our invention could be developed work-3 
ing on the same principle, and therefore we dovv 
not wish to limit ourselves to the forms described 

~ above, but rather to have the scope of the inven-. 
tion de?ned by the appended claims. 
We claim: 
1. In a ray-guided, explosive missile having a. 

n duo-planar ray~receptor and a duo-planar steer-. 
ing mechanism, the combination therewith of . 
gimbals for mounting said receptor, a pair of. 
gyroscopes severally connected to said gimbals, 
means restraining one of said gyroscopes to one. 
degree of freedom in one plane, means restrain. 
ing the other gyroscope to one degree of freedom. 
in another plane, follow-up motors for said gyro-v 
scopes operatively comiected to the correspond: 
ing gimbals, and operative connections from said‘-v 

. ray-receptor to. said steering mechanism wheref: 



_ respective planes, 
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by said missile is adapted to receive guiding rays 
while travelling on a straight course at an angle 
to said rays. 
- 2. In a ray-guided, explosive missile having a 
duo-planar ray-receptor and a duo-planar steer 
ing mechanism the combination therewith of 
gimbals for mountingsaid receptor, a pair of 
gyroscopes severally connected to said gimbals, 
‘means restraining one of said gyroscopes to one 
‘degree of freedom in one plane, means restrain 
ing the other gyroscope to one degree of freedom 
in another plane,vfollow-up motors for said gyro 
scopes operatively connected‘to the correspond 
ing operative connections from receptor to said 
gimbal motors, whereby said missile is adapted 
to receive guiding rays while travelling on a 
straight course at an angle to said rays. 

3. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor, a universal joint including a gim 
bal mounting said receptor on said support, 
means responsive to deviation of the impinge~ 
ment angle on said receptor of rays reflected 
from the target, a gyroscope carried by said 

. gimbal and having a single suspension axis for 
movement in one plane, means restraining the 
said movement of said gyroscope in said one 
plane, a second gyroscope carried by said gimbal 
and having a single suspension axis for move 
ment in another plane, means restraining the 
said movement of said second gyroscope in said 
other plane, follow-up mechanism responsive to 
relative movements of said gyroscopes in the said 

motive means operatively 
connected to said gimbal for driving the same, 
motive means operatively connected to said 
steering mechanism for driving the same, and 
means jointly controlled'by said gyroscope fol 
low-up mechanism and said ray-responsive 
means for severally energizing said motive 
means to maintain constant the said angle of 
ray impingement on said receptor. 

4. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor universally mounted on said sup 
port, means responsive to deviation of the im 
pingement angle on said receptor of rays re 
?ected from the target, motive means energized 1. 
by said responsive means, operative connections 
between said motive means and said steering 
mechanism, a gyroscope responsive to change of 
course of said vehicle in one plane, a second 
gyroscope responsive to change of course of said 
vehicle in another plane, follow-up mechanism 
severally actuated by the response of said gyro 
scopes, motive means energized by said follow-up 
mechanisms, and operative connections between 
said last-named motive means and said’ ray re 
ceptor for driving the latter to restore the im 
pingement angle of said rays thereon. 

5. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering, mechanism therefor,‘ 
a ray receptor universally mounted on said sup 
port, means responsive to deviation of the im 
pingement angle on said receptor of rays re 
?ected from the target, motive means energized 
by said responsive means, operative connections 
between said motive means and said steering 
mechanism, a gyroscope responsive'to change of 
course of said vehicle in one plane, means re 
straining the response of said gyroscope, a sec 
ond gyroscope responsive to change of course of 
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the response of said second gyroscope, follow-up 
mechanism severally actuated by the response of 
said gyroscopes, motive means energized by said 
follow-up mechanisms, and operative connec 
tions between said last-named motive means and 
said ray receptor for driving the latter to restore 
the impingement angle of said rays thereon. 

6. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor universally mounted on said sup 
port, means responsive to deviation of the im 
pingement angle on said receptor of rays re 
?ected from the target, motive means energized 
by said responsive means, operative connections 
between said motive means and said steering 
mechanism, a gyroscope operatively connected 
to said receptor and responsive to change of 
course of said vehicle in one plane, a second 
gyroscope operatively connected to said receptor 
and responsive to change of course of said vehicle 
in another plane, follow-up mechanism severally 
actuated by the response of said gyroscopes, 
motive means energized by said follow-up mech 
anisms, and operative connections between said 
last-named motive means and said ray receptor 
for driving the latter to restore the impingement 
angle of said rays thereon. 

7. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, a 
ray receptor, a gimbal suspension for said recep 
tor on said support, means responsive to devia 
tion of the impingement angle on said receptor 
of rays re?ected from the target, motive means 
energized by said responsive means, operative 
connections between said motive means and said 
steering mechanism, a gyroscope carried by one 
of said gimbal and responsive to change of 
course of said vehicle in one plane, a second 
gyroscope carried by said gimbal and responsive 
to change of course of said vehicle in another 
plane, follow-up'mechanism severally actuated 
by the response of said gyroscopes, motive means 
energized by said follow-up mechanisms, and 
operative connections between said last-named 
motive means and said ray receptor for driving 
the latter to restore the impingement angle of 
said rays thereon. 

8. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor universally mounted on said sup 
port, means responsive to deviation of the im 
pingement angle on said receptor of rays re 
?ected from the target, motive means energized 
by said responsive means, operative connections 
between said motive means and said receptor for 
driving the latter to restore the impingement 
angle of said rays thereon, a gyroscope respon 
'sive to movement of said receptor in one plane, a 
second gyroscope responsive to movement of said 
receptor in another plane, follow-up mechanisms 
severally actuated by the response of said gyro 
scopes, motive means energized by said follow-up 
mechanisms, and operative connections between 
said last-named motive means and said steering 
mechanism for changing the course of said 
vehicle. ' > 

9. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor universally-mounted on said sup 
port, means responsive to deviation ‘of the im 
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pingement angle on said receptor of rays re 
?ected from the target, motive means energized 
by said responsive means, operative connections 
between said motive means and said receptor for 
vdriving the latter to restore the impingement 
angle of said rays thereon, a gyroscope respon 
sive to movement of said receptor in one plane, 
resilient means restraining the response of said 
gyroscope, a second gyroscope responsive to 
movement of said receptor in another plane, re 
silient means restraining the response of said 
second gyroscope, follow-up mechanism severally 
actuated by the response of said gyroscopes, 
motive means energized by said follow-up mech 
anisms, and operative connections between said 
last-named motive means and said steering 
mechanism for changing the course of said 
vehicle. 

10. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor universally mounted on said sup 
port, means responsive to deviation of the im 
pingement angle on said receptor of rays re 
?ected from the target, motive means energized 
by said responsive means, operative connections 
between said motive means and said receptor for 
driving the latter to restore the impingement 
angle of said rays thereon, a gyroscope connected 
to said receptor and responsive to movement of 
said receptor in one plane, a second gyroscope 
connected to said receptor and responsive to 
movement of said receptor in another plane, 
follow-up mechanisms severally actuated by the 
response of said gyroscopes, motive means ener- ’ 

gized by said follow-up mechanisms, and opera 
tive connections between said last-named motive 
means and. said steering mechanism for chang 
ing the course of said vehicle. 

11. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor, a gimbal suspension for said 
receptor on said support, means responsive to 
deviation of the impingement angle on said 
receptor of rays re?ected from the target, motive 
means energized by said responsive means, oper 
ative connections between said motive means and 
said receptor for driving the latter to restore the 
impingement angle of said rays thereon, a gyro 
scope carried by one of said gimbal and respon 
sive to movement of said receptor in one plane, 
a second gyroscope carried by said gimbal and 
responsive to movement of said receptor in an 
other plane, follow-up mechanisms severally 
actuated by the response of said gyroscopes, 
motive means energized by said follow-up mech 
anisms, and operative connections between said 
last-named motive means and said steering 
mechanism for changing the course of said 
vehicle. 

12. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor, a universal joint including a 
gimbal mounting said receptor on said support, 
means responsive to deviation of the impinge 
ment angle on said receptor of rays reflected 
from the target, a gyroscope carried by said 
gimbal and having a single suspension axis for 
movement in one plane, means restraining the 
said movement of said gyroscope in said one 
plane, a second gyroscope carried by said gimbal 
and having a single suspension axis for move 
ment in another plane, means restraining the 
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12 
said movement of said second gyroscope in‘ said 
other plane, follow-up mechanism responsive to 
relative movement of said gyroscopes in the said 
respective planes, motive means operatively con 
nected to said gimbal for driving the same, 
motive means operatively connected to said 
steering mechanism for driving the same, means 
jointly controlled by said gyroscope follow-up 
mechanism and said ray-responsive means for 
severally energizing said motive means to main 
tain constant the said angle of ray impingement 
on said receptor, and stable means on said sup 
port connected to said gimbal for stabilizing the 
same. . 

13. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor, a universal joint including, a 
gimbal mounting said receptor on said support, 
means responsive to deviation of the impinge 
ment angle on said receptor of rays re?ected 
from the target, a gyroscope carried byv said 
gimbal and having a single suspension axis for 
movement in one plane, means restraining the 
said movement of said gyroscope in said one 
plane, a second gyroscope carried by said gimbal 
and having a single suspension axis for move 
ment in another plane, means restraining the 
said movement of said second gyroscope in said 
other plane, follow-up mechanism responsive to 
relative movement of said gyroscopes in the said 
respective planes, motive means operatively con 
nected to said gimbal for driving the same, 
motive means operatively connected to said 
steering mechanism for driving the same, means 
jointly controlled by said gyroscope follow-up 
mechanism and said ray responsive means for 
severally energizing said motive means to main 
tain constant the said angle of ray impingement 
on said receptor, a third gyroscope mounted on 
said support and responsive to unstable move 
ments thereof, follow-up mechanism responsive 
to relative movement of said third gyroscope, 
third motive means energized thereby, and oper 
ative connections between said third motive 
means and said gimbal for stabilizing said 
receptor. 

14. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor, a universal joint including a 
gimbal mounting said receptor on said support, 
means responsive to deviation of the impinge 
ment angle on said receptor of rays re?ected 
from the target, a gyroscope carried by said 
gimbal and having a single suspension axis for 
movement in one plane, means restraining the 
said movement of said gyroscope in said one 
plane, a second gyroscope carried by said gimbal 
and having a single suspension axis for move 
ment in another plane, means restraining the 
said movement of said second gyroscope in said 
other plane, follow-up mechanism responsive to 
relative movement of said gyroscopes in the said 
respective planes, motive means operatively con 
nected to said gimbal for driving the same, 
motive means operatively connected to said 
steering mechanism for driving the same; means 
jointly controlled by said gyroscope follow-up 
mechanism and said ray-responsive means for 
severally energizing said motive means to main 
tain constant the said angle of ray impingement 
on said receptor, a third gyroscope mounted on 
said support and responsive to unstable ‘move 
ment thereof, a transformer having its energized 
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stator winding ?xed to said support and its rotor 
winding pivoted about the fore-and-aft axis, 
operative connections between said third gyro 
scope and said rotor winding for relatively rotat 
ing the same about said axis to induce a corre 
sponding voltage therein, and electrical connec 
tions between the output of said rotor winding 
and the steering mechanism motive means for 
modifying the operation thereof in accordance 
with the unstable movements of said support in 
?ight. 

15. In a ray-guided explosive vehicle adapted 
to be directed to a remote target, the combina 
tion of a support, steering mechanism therefor, 
a ray receptor, a universal joint including a 
gimbal mounting said receptor on said support, 
means responsive to deviation of the impinge 
ment angle on said receptor of rays re?ected 
from the target, a gyroscope carried by said 
gimbal and having a single suspension axis for 
movement in one plane, means restraining the 
said movement of said gyroscope in said one 
plane, a second gyroscope carried by said gimbal 
and having a single suspension axis for move 
ment in another plane, means restraining the 
said movement of said second gyroscope in said 
other plane, follow-up mechanism responsive to 
relative movement of said gyroscopes in the said= 
respective planes, motive means operatively con 
nected to said gimbal for driving the same, 
motive means operatively connected to said 
steering mechanism for driving the same, means 
jointly controlled by said gyroscope follow-up 
mechanism and said ray-responsive means for 
severally energizing said motive means to main 
tain constant the said angle of ray impingement 
on said receptor, a third gyroscope mounted on 
said support and responsive to ‘unstable move 
ment thereof, follow-up mechanism responsive 
to relative movement of said third gyroscope 
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about the fore-and-aft axis, a frame mounting 
said receptor gimbal about said axis, operative 
connections between said last-named follow-up 
mechanism and said frame for stabilizing said 
receptor about said axis, a transformer having 
its energized stator winding ?xed to said support 
and its rotor winding pivoted about said axis, 
operative connections between said third gyro 
scope follow-up mechanism and said rotor wind 
ing for relatively rotating the same about said 
axis to induce a corresponding voltage therein, 
and electrical connections between the output of 
said rotor winding and the steering mechanism 
motive means for modifying the operation there— 
of in accordance with the unstable movements 
of said support in ?ight. 
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