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MISSILE GUIDANCE METHOD AND APPARATU 
Lan J. Chu, Lexington, Mass., assignor, by mesne assign 

- ~ments, to the United States of America as represented 
- by the Secretary of the Navy 

Filed July 21, 1954, Ser. No. 444,931 
Int. Cl. F41g 7/.00; F42b 15/02; G06f 15/50 

US. Cl. 244-318 6 Claims 

“ABSTRACT OF THE DISCLOSURE‘ 

' The disclosure is directed to a missile guidance system 
incorporating radiant energy detection devices, which feed 
signal processing circuitry for phase differentiating of the 
signals in a manner to provide steering signals for appli 
cation to the control surfaces of the missile for course 
changing to effect continuous pursuit of a target by the 
missile. ' ‘ 

This invention relates to the guidance of missiles, and 
particularly to the problem of directing and maintaining 
a missile on a collision course with respect to a target 
traveling through space, which target possesses the capa 
bility of maneuvering to avoid collision with such a 
missile. 
An object of the invention is to provide a novel method 

of guiding a missile toward a course being followed by 
a target maneuvering through space, the method disclosed 
being so devised as to cause the missile to continually 
change its course to conform to each successive deviation 
in the target’s course. 
Another object is to provide a guidable missile of novel 

construction, including steering apparatus responsive to 
phase differentiated radiant energy signals received from 
a detected target, and operable to change the course of 
the missile continually so long as the detected target con 
tinues evasive maneuvers. 
A third object is to provide, as part of the novel guid 

ance method above referred to, the step of applying lateral 
acceleration to a missile in response to variations in the 
rate of change in the. signi?cant characteristics of in 
telligence re?ected from a detected target, the resulting 
lateral acceleration serving as a means to direct the missile 
to a ‘_‘collision course,” that is, a course most likely to 
bring about collision between the missile and the detected 
target, on the basis of the intelligence being concurrently 
received by the missile concerning the behavior of the 
target. . i v ' 

..A fourth object is to provide, as part of the novel 
guidance method, the step of converting intercepted ra 
diant‘ energy into missile guiding information, by proc 
esses including the utilization of ?xed antenna elements 
carried by the missile, which processes eliminate the need 
of actually computing the speed or relative direction of 
either the missile or the target. ' > 

_A ?fth object is to provide, as a speci?c part of the 
processes just referred to, the step of varying the lateral 
acceleration of the missile in accordance with the rate of 
change of phase difference between signal energy inter 
cepted at opposite extremities of the ?xed antenna array 
above referred to; said variation in lateral acceleration 
being brought about by directing said signal energy 
through a seeker mechanism adapted to convert said phase 
difference rate of change into electrical energizing im 
pulses of appropriate polarity and magnitude to actuate 
a servo mechanism in the proper direction, and to the 
proper degree required to cause the desired shift of ex 
ternally mounted vanes, or steering surfaces, about the 
pitch and yaw axes, respectively, of the missile control 
system. 
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A sixth object is to provide a novel combination and 

relationship of actuating units for putting into practicethe 
novel missile guidance method herein disclosed. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 

FIG. 1 is a diagram indicating the circular course into 
which a missile is guided during the ?rst stage of the 
novel method of operation herein disclosed; 

FIG. 2 is a diagram illustrating both the ?rst and the 
second stages in the missile’s course to the target; 

FIG. 3 is a diagram to assist in identifying certain sym 
bols used in the description and claims; 

FIG. 4 is a diagram illustrating the converging courses 
the missile and target may follow; 

FIGS. 5, 5A, and 5B are diagrams illustrating the 
antenna and target relationships; 

FIG. 6 is a perspective view of a missile embodying, 
and suitable for practice of, the invention; 

FIG. 7 is a schematic representation of actuating and 
control components associated with one of the three con 
trol servos (namely, the yaw control servo) which operate 
conjointly to execute the method of control herein dis 
closed; and 

FIG. 8 is a sectional view of the missile, showing the 
relative locations of the major components. 
By way of introduction to the present invention, it 

should be pointed out that the. performance of an un 
attended missile will necessarily be limited by the capac 
ities inherent in the physical components carried by the 
missile for target-seeking, propelling and guiding pur 
poses. The novel method of operation herein proposed is 
believed to be Well adapted to such inherent limitations, 
in that it can be executed with a minimum of reliance 
upon factors of variable or unpredictable performance 
characteristics. In fact, the method can be carried out by 
utilization of simple steering mechanism controlled by 
re?ected radar pulses, yet without the complications of 
rotating scanning antennas. 
The use of ?xed antennas, in lieu of the rotating ’scan~ 

ning antennas of the prior art, is a major feature of the 
present invention, and is made possible only because the 
invention utilizes, as an underlying concept, a mathemati 
cal analysis which demonstrates that, at the instant of time 
when the angular velocity of the missile (w) arrives at a 
value equal to the time rate of change in missile heading 
with respect to the missile-target line of sight, the missile 
is at that instant headed directly to the calculated point 

t of collision with the target. In other words, when w ar 

55 

60 

(55 

70 

rives at a value equal to d?/dt (hereinafter written as ,5), 
the missile is at that instant on a collision course with the 
target, 5 representingv the angle between the heading of 
the target and the line joining the target and the missile 

I and 1‘ representing time. Hence only the derivative of the 
missile angle and not the angle itself, need be supplied 
to the radar seeker circuits. This discovery makes possible 
the elimination of a scanning type of antenna. The steps 
leading to this mathematical conclusion are developed in 

> the following analysis of the problem, which analysis ex 
plains how it is possible to cause the missile to direct it 
self to the collision point with the use of ?xed rather 
than rotating antennas, and by reliance upon only one 
basic characteristic of the missile, namely, its ability to 
accelerate laterally to varying degrees, in response to 
mechanically induced shifting of externally mounted con 
trol surfaces. At this point it should be repeated, paren 
thetically, that this ability of the missile to accelerate lat 
erally is a limited one; the extent of the lateral accelera 

' ’ tion capacity being necessarily restricted by the mechani 
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cal design of the missile. The samev is true of the other 
limiting quantity, namely, the missile’s velocity; but the 
linear velocity of the missile is not readily controllable by 
automatic means, and, as above noted, the mathematical 
conclusions herein expressed make possible the develop 
ment of a control system operating through a single vari 
able exclusively, namely, the lateral acceleration of the 
missile. 
The following analysis of the problem will further ex 

plain how it is possible to direct the missile to the calcu 
lated point of collision by varying only a single charac 
teristic of the missile, namely, its ability to accelerate 
laterally. 

Let V be the linear speed of the missile, and Am the 
maximum lateral acceleration that can be applied to the 
missile, (as by application of turning effort to the external 
control surfaces). If this maximum acceleration is applied 
at the point of detection, and maintained thereafter, the 
missile will follow a circular course of minimum radius 
R, where 

V2 
R A... (1) 

the course proceeding either to the right or left, as shown 
in FIG. 1; the direction of turn depending upon whether 
the target is proceeding leftward or rightward from the 
missile-target axis. 

In a three-dimensional view of the action, either circle 
shown in FIG. 1 will generate a tore (“doughnut”) sweep 
ing out a space whose width is twice the radius R, the 
axis of the tore being continuously shifted to maintain 
tangency with the shifting course of the missile, until the 
time is reached when the shifting axis points directly to 
the predicted point of collision (see FIG. 2). At that 
instant the missile’s control system should discontinue 
turning force application, and should thereafter apply a 
constant bearing effort to maintain the missile on the 
collision axis. 

Thus, the ideal course, as illustrated in FIG. 2 by the 
heavy line, has two stages, the ?rst stage being a path 
of maximum curvature, and the second stage being a 
straight path tangential to the toroidal axis of the ?rst 
path at that point thereon which represents the missile’s 
position at the instant of time when the missile’s angular 
velocity has increased su?iciently to equal its time rate 
of change in heading, with respect to the missile-target 
axis; that is, when 

This course is the ideal one because it is the shortest pos 
sible course and (assuming constant missile velocity) 
places the point. of collision on the toroidal axis of the 
turning missile at the earliest possible moment and hence 
at the greatest possible range, thereby assuring maximum 
striking probability. And as the “second stage” is of maxi 
mum length, the lateral acceleration requirements are 
minimized, so that less power need be accumulated for 
application to the control servos. 
The control system that will steer the missile along the 

ideal course just described will now be considered. The 
following factors are involved: 

V=the speed of the missile, 
v=the speed of the target, ‘ 
B=the angle between the heading of the missile and the 

line joining the target and the missile, 
a=the angle between the heading of the target and the 

line joining the target and the missile, 
D=the distance between the target and the missile, 
A=the lateral acceleration of the missile, and 
w=the angular velocity of the missile (=A/ V) . 

The following relationship obtains between these quan 
tities: ' 

'_ DMJ sing 
”“"+ D D (a) 
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4 
where [3 is the time rate of change of B‘. The?rst termof 
the right-hand side is the rate of change of heading with 
respect to space. The second term is that caused by the 
linear motion of the missile with respect to the target. 
The third term is that due tothe linear motion of the 
target with respect to the missile. The vsum of the three 
gives the total rate of the change of heading with respect 
to the line joining the missile and the target. The angular 
velocity of the target comes into the picture as a second 
order e?Fect only. ' ‘ 

Equation 2 can be rearranged as follows: 

0 sin a—-V sin 6 
D (3) 

The term on the right-hand side involves factors, such 
as v and a, which are not under the direct control of the 
missile. If, however, it is set equal to zero, 

w-B: 

(4) 
it is the equation for a constant-bearing collision course. 
Each term is the common altitude of a triangle with angles 
equal to a and f3 and sides proportional to v and V, re 
spectively. This is exactly what is needed for the second 
stage of the ideal missile course. However, as the proper 
value of ,8 depends not only upon the velocity ratio but 
also upon the target angle cc, the proper value cannot be 
determined by direct measurement. 
When the right-hand side of Eq. 3 is not equal to zero, 

it gives a measure of the deviation from a collision course. 
It follows that 

w~B (5) 
also measures the deviation from the collision course. 
Both terms in (5) can be measured in the missile itself. 
The ?rst, the angular velocity of the missile, can pre 
sumably be measured ‘by a rate gyro. The second term 
is the rate of change of the missile angle and can be 
measured by the response of the radar seeker circuits to 
the phase differences impressed upon the spaced antennas. 
The entire quantity, 

is the rate of change of bearing with respect to a ‘?xed 
line in the plane of maneuver. 
Let it be assumed that the missile carries gyro mech 

anisms and radar detection means capable of measuring 
it gives a measure of hte deviation from a collision course; 

respectively. At the instant the radar in the missile detects 
the target, and the quantities ' 

wand B 
are measured, the deviation from the collision course can 
immediately be determined qualitatively. If (5) ispositive, 

V sin ?<v sin a 

and B should be increased so as to equalize the two terms. 
" In otherwo'rds, a positive a is needed. This can be im 
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complished'by increasing was shown in Eq. 2. As men 
tioned hereinbefore, it is desired to have maximum 'ac-' 
celeration during the, ?rst stage of the approach. If the 
missile is traveling along a straight line initially will 
change, after. the application of the acceleration, from 
a, negative to a positive quantity. This maximum accelera 
tion is'lto be maintained until (5) vanishes, at which 
instant the missile is heading along the collision course. 
Then i H 

. w=6¢0> 

Since a: is not now equal to Zero, the missile will over 
shoot towards the other side of the collision course, and 
expression (5)" will become negative. A force is 'thenap 
plied through the servo to reverse the acceleration. With 
such a system, the missile'will eventually oscillate about 
the collision course. The period of the oscillation is'deter 



3,480,233 
5 

mined by the time lag present in transferring the informa 
tion regarding _ 

/ ~ w_B 

from the radar system to the control mechanism, and 
the time it takes to reverse the acceleration. The shorter 
the period of oscillation the less the maximum deviation 
from the collision course. ’ ' 

If the target is maneuvering, the operation is not af 
fected during the ?rst stage of the approach. The mis 
sile is kept on the maximum lateral acceleration course 
until a collision course is reached based upon the values 
of a and 5 at that instant. After that, the lateral accelera 
tion required for the missile‘ is equal to the lateral ac 
celeration of the target multiplied by a factor cos a/cos ,3. 
The missile will oscillate about a course such that the 
average acceleration is equal to that required to com 
pensate for the maneuvering of the target. 
As a numerical example, reference is made to FIG. 4 in 

which the target is assumed to travel along a straight line. 

Target velocity—-1000 ft./sec. 
Missile velocity—2000 ft./ sec. 
Maximum missile angular velocity—5°/sec.=87 mil./sec. 
t1—the time during which the missile travels along a 

circular course \ 

t2 the time during which the missile travels along a 
straight-line course 

0—the angle between the target and missile heading at 
the point of collision 
The absolute value of 

lw— B I 
will be about 2°/sec, assuming a value of 

,_ 1st 

of about 3°/ sec, for the period before the missile gets 
on the collision course. , 

For t1>O, w— 5 
remains fairly constant and then approaches zero rapidly 
when the missile is near the collision course. ‘ 

In order to reduce the amount of overshoot, the lateral 
acceleration must be reduced when the missile nears the 
collision course. This may be done by making the instan 
taneous angular velocity to proportional to 

01-6. The ratio of w to 04-3 
must be several times unity for a fast moving target. 
When ‘ - t . . 

.t , , w__ B 

is large, the angular velocity of the missile is limited by 
the maximum available acceleration. When the missile is 
near the constant-bearing course, the angular velocity is 
reduced proportionally with 

w-B 
The ‘amount of overshoot can also be reduced by apply 
ing an acceleration that is positive or negative depending 
upon the sign of ' _ ‘ ' ' ‘ 

. ‘ k404i? 

instead of that of . 

. v w_8 

where k is a positive constant less than unity. When the 
missile is on the circular course, 3 has the same 'sign as 
at but is numerically less than no. As the missile approaches 
the constant-bearing course, 18 approaches 1» as a limit. 
Therefore, if k is less than unity - > > Y .' 

. . . . kw“? 

willgo through zero sooner than will 

The acceleration starts to change just before the missile 
reaches the collision course. This scheme, however, does 
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6 
not prevent the oscillation of the missile about the colli 
sion course, but it does reduce th eperiod ‘and eventually 
damp out the oscillation. The proper choice of the con 
stant k depends upon the time lag in the radar and servo 
system, and the time necessary to reverse the acceleration. 
From the preceding discussion, it is obvious that the 

only information required of the radar is the rate of 
change of the angle )3, that is, the “lead angle” between 
the missile heading and the line of sight to the target. 
Since the angle information is not essential for the pur 
suit of the target, an antenna system that is ?xed with 
respect to the missile may be used, with a resultant sim 
pli?cation of the antenna and mount problem, for either 
a ramjet or rocket type of missile. 
As shown in FIGS. 5, 5A and 6, four identical antennas 

are mounted symmetrically on the sides of the missile. 
The separation distance between each pair is approxi 
mately equal to the missile diameter plus the length of 
diametrically opposed wings, which distance is small com 
pared to the distance from the missile to the target. When 
a signal from the target arrivesat the missile, there is a 
phase difference of (21rd/>\) sin [3 between the two re 
ceived signals at the antennas. As the angle 13 changes, the 
phase difference varies at a rate 

(211 h 

In other words, the two received signals will differ by a 
frequency 

(5 B) s )\ cos 

which is proportional to 13. This frequency difference, 
which is a measure of the time rate of change in the 
angle [8, determines the time interval during which the 
missile should be maintained in the circular path con 
stituting the ?rst stage of maneuvering, as heretofore ex 
plained. Therefore, the two out-of-phase signals received 
at vertical plane antenna elements Av and Bv (and simi 
larly as to those received at horizontal plane antenna 
elements Ah and B1,) need only be fed into suitable de 
tection and phase timing circuits, superimposed upon a 
suitable carrier wave, and then frequency modulated, 
combined, and the resultant voltage selectively applied, 
at the selected frequency, and with proper ampli?cation, 
to operate a “pitch” control servo unit (or yaw control 
servo unit, as the case may be). One such arrangement 
is illustrated in FIG. 7 and controls the swing of rudder 
surfaces 10—10 hingedly mounted on the vertical ?ns 
carrying the antenna elements Av and B,,. In the embodi 
ment here described there are three such servo units, one 
for “yaw,” one for pitch, and one for roll control, that 
is, one servo for each of the three reference axes, X, Y 
and Z of FIGS. 5B and 7. The servo unit 11 for control 
of yaw, only, is shown in FIG. 7. The other two, not 
shown, are preferably of the same design, with each in 
cluding a ?uid pressure actuated piston or ram 11 to 
which hydraulic ?uid is supplied from an accumulator 
(not shown) at a rate, and in a direction, determined by 
the movement of the control valve 13 operated by a cross 
bar 14 swinging about the axis of the shaft of a torque 
motor 15 to which is delivered energizing voltage whose 
direction and magnitude is controlled by push-pull ampli 

cos B) B 

?ers in an electronic unit represented by block 16 in‘ 
FIG. 7. 
The signals from horizontal antennae AH and BH are 

fed to circuitry for measuring their rate of change in 
phase and'produce command signals for the yaw servo 
unit in response thereto. This circuitry is shown by block 
diagram in FIG. 7. The signals are each reduced to an 
intermediate frequency by a common locol oscillator and 

75 

a pair of mixers. After separate ampli?cation in ampli 
?ers 26 and 27 the signals are compared in phase by 
applying the signal from one ampli?er to one input of a 
pair of phase detectors 31 and 32 and from the other 



3,430,233 
7 

ampli?er to another input of said phase detectors 31 and 
32 through a pair of R.C. ?xed phase shifters 33 and 34. 
The respective outputs of phase detectors 31 and 32 will 
have a phase relation dependant on the instantaneous 
phase relation of the signals from antennae AH and BH. 
Said outputs are converted to a frequency modulated con 
trol signaled by applying each to a balanced modulator, 
37 and 38, and injecting a 2000 cycle signal in ?xed phase 
relation to each modulator. The phase of the 2000 cycle 
signal at each modulator is determined by R.C. circuits 
35 and 36. The modulator outputs, when combined in 
block 17, produce a control signal having 2000 cycle 
carrier frequency modulated in accordance with the rate 
of phase variation of the signals at the antannae. Ampli 
tude modulation is removed in limiter 39 and the magni 
tude and sense of the phase rate is detected by discrim 
inator 40. The discriminator output is compared with 
the yaw gyro output (discussed below) and delivers a 
control signal to torque motor 15 in response to differ 
ences between the phase rate signal and the gyro signal. 
An integrating gyroscope 46 (FIG. 7) whose precession 

is a measure of angular deviations of the missile airframe 
from the prescribed reference heading, is moun‘ed in a 
cylindrical case (not shown) which is carried horizontal 
ly, with its axis on the X-axis of the missile, and is elec 
trically driven to rotate about the Y-axis of the missile. 
As angular velocity is applied to the missile a precession 
torque is developed about the X-axis, thereby rotating 
generator 48 and causing it to produce a voltage that is 
applicable to ampli?er 16 by way of conductor 49. This 
input via conductor 49 to ampli?er 16, when added at 
the ampli?er to the command signal entering ampli?er 16 
from the seeker output circuit 51, results in the genera 
tion of quantity 

w—6 
the necessary servo command required for maintenance 
of the angular velocity dictated by the value set up by 
the phase comparison seeker circuits 21, 22. The gyro unit 
includes a second generator 50 rotatable on the X-axis by 
feedback energy from circuit 52, which circuit 52 in 
cludes an ampli?er 53 triggered by a pick-off unit 54 cou 
pled to ram 11, to introduce a rate correcting follow-up 
to the signal generating action of generator 48. A similar 
gyro combination will perform a corresponding com 
pensating function with respect to the command signal 
voltage supplied to the pitch servo unit by the seeker 
circuit associated with antennae Av and Bv, which seeker 
circuit will duplicate the one shown diagrammatically in 
FIG. 7 as associated with antennae AH and BH. A third 
gyro combination of similar design will introduce the 
third (roll axis) compensating function by, supplying 
operating signal voltage, derived from the angular veloc 
ity of roll, to the roll servo unit controlling the angular 
de?ection of the ailerons 10b shown in FIG. 6. 
FIG. _5B shows the geometrical relationships between 

the three missile axes, XM, YM and ZM and the lead angle 
L, which is the resultant of the two lead angle compo 
nents Lh and Lv, corresponding to the [3H and ,8V angles 
shown in FIGS. 5 and 5A, respectively. 

_ The general con?guration of the’missile, as shown in 
FIGS. 6 and 8, is necessarily determined to a large extent 
by the requirements of the guidance system as hereinabove 
analyzed. Thus, the cruciform canard arrangement close 
to the forward nose, serving as a rigid mount for the 
four homing antennae, is the most practical structure for 
carrying the yaw and pitch control surfaces 10'and 10a, 
respectively, and therefore dictates the positioning of the 
yaw and pitch gyro combination and servo units. Similar 
ly, roll stabilization is best assured by pivoting the wing 
?aps, ‘or ailerons, 10b on the coplanar surfaces adjacent 
the rear end portion of the missile. This again dictates the 
position of the roll servo and gyro units, and of the tail 
antennae AT and BT, mounted on the associated cruciform 
surfaces, and serving as the range gating input elements 
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8 
for feeding to the ampli?ers 26 and 27 (FIG. 7) the 
time control signal energy intercepted directly from the 
radar transmitter at the launching vehicle or station; that 
is, the transmitter sendingout the radar pulses or a con 
tinuous wave, as the case might be, which are re?ected 
back by the target to the phase comparison forward 
antennae Av, Bv, AH, and BH. In this manner, this con 
ventional range gate is able to determine the target range. 
As will be noted in FIG. 7 the inputs 71 and 72 from the 
tail antennas AT and BT to the range gate 70 are only 
partially illustrated but it is understood that any conven 
tional connection can be used. The other major compo 
nents then logically fall into the relative locations indi 
cated in FIG. 8. I 

In lieu of supplying course maintaining signals to the 
control servos, the latter could be supplied with course 
changing signals from the same seeker system, as on any 
occasion when collision avoidance, rather than collision, 
should be desired. Also, in lieu of applying the invention 
to the control of a pilotless missile, to steer it on a colli 
sion course, it could be applied to the control of a piloted 
aircraft, to steer it automatically toward a landing point. 

Obviously many modi?cations and variations of the 
present invention are possible in’ the light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be prac 
ticed otherwise than as speci?cally described. 
What is claimed is: 
1. In a homing device, receiver means including a ?xed 

antenna array disposed in a plane in orthogonal relation 
to the longitudinal axis of said homing device and opera 
tive to retrieve a portion of a radiant energy train trans 
mitted to a distanct object and re?ected back to said 
antenna array by said object, and means for steering said 
homing device operatively connected to said antenna 
array, said steering means including a servo mechanism 
incorporating a power applying element whose movement 
is proportional to the time rate of change in the angle of 
incidence established by said re?ected energy train as it 
impinges upon said antenna array. 

2. In a homing device, receiver means including a pair 
of antenna elements in spaced relationship to the axis of 
the device, and to each other, said antenna elements being 
operative to retrieve. a portion of the energy transmitted 
to a distance object and re?ected back by said object, and 
means for steering said homing device operatively con 
nected to said antenna array, said steering means incor 
porating a power applying element whose movement is 
proportional to the phase rate difference between the 
energy received by one of said antenna elements, and that 
received by the other. I 

3. Means for guiding a'missile to a maneuvering target, 
comprising twopairs‘ of identical antennas mounted‘ sym 
metrically about the longitudinal axis of the missile, for 
reception of phase differentiated signals re?ected from 
the target, and electronic means for converting ,the phase 
difference between said signals into a measurement of the 
time rate of change of the angle between the heading of 
the missile and the line joining the target and the missile. 

4. A system for directing a guided missile to intercept 
an illuminated target, said system comprising a plurality 
of ?xed antenna elements spaced with respect to one an 
otheruon the missile to receive signal return energy from 
said target, pairs of said'elements receiving signals dif 
fering ‘in phase in accordance with angular relationship 
of ‘the instantaneous missile axis path and the instantane 
ous target position, means responsive to said phase differ 
ing signals to provide a frequency discriminated signal 
representing the time rate of change of lead angle between 
the missile heading and the line of sight to the target and 
which determines the time'interv'al during which the.mis= 
sile should be maintained in a circular path for ?rst stage 
maneuvering, rate control ‘means responsive to said fre 
quency discriminating and timing means to cause'the mis 
sile to effect a second stage linear path of interception 
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with the target path of the second stage, the second stage 
being commenced when the angular velocity of the missile 
becomes equal to the time rate of change of the missile 
angle, 

5. A system for directing a guided missile to intercept 
a radar illuminated target, said system comprising a ?rst 
pair of antennae including a ?rst and a second antenna 
and a second pair of antennae including a third and fourth 
atenna, all four antennae being mounted symmetrically 
on the sides of the missile, said antennae receiving return 
energy signals from the illuminated target and having a 
received signal phase difference between said ?rstv and 
second antennae in accordance with azimuth bearing of 
the target with respect to the missile, and having a re 
ceived signal phase difference between said third. and 
fourth antennae in accordance with elevation ‘bearing of 

Y the target with respect to the missile, a yaw and a pitch 
servo unit, means to reduce said respective phase differing 
signals to an intermediate frequency, ?rst ampli?er means 
to amplify said phase differing signals, means to compare 
the phase of the ?rst and second and of the third and 
fourth antennae received signals to produce a phase rela 
tion dependent on the instantaneous phase relation of the 
signals from each of the pairs of antennae, converting 
means to convert the output of said comparison means to 
a frequency modulated control signal in accordance with 
the rate of phase variation of the signals at the antennae, 
means to remove amplitude modulation of said converted 
signals, frequency discriminator means to detect the mag 
nitude and sense of the phase rate, a gyroscope unit to 
introduce an axis deviation function, said gyroscope unit 
comprising an integrating gyroscope whose precession is 
a measure of angular deviations of a missile airframe from 
the prescribed reference heading, a rotating signal gen 
erator, a second ampli?er, angular velocity applied to the 
missile causing development of a precession torque about 
the gyroscope axis, thereby rotating the signal ‘generator 
to cause the generator to produce a voltage, said voltage 
being ampli?ed in said second ampli?er, a third ampli 
?er, signals from the frequency discriminator being added 
to the output of the second ampli?er to generate a servo 
command signal required for maintenance of angular 
velocity dictated by the phase difference of incoming sig 
nals, and means responsive to said servo command sig 
nals to accordingly de?ect control surfaces of the missile. 

6. Means to establish a collision course of a missile 
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with a target, said means comprising spaced antennae 
means responsive to radiant energy signals phase differ 
entiated in accordance with target to missile axis angular 
relation and received from the target, means to apply 
lateral acceleration to the missile in response to variations 
in the rate of change in the characteristics of intelligence 
re?ected from the detected target, phase difference be 
tween the signals varying as the angle between the target 
and the missile axis changes, the frequency difference due 
to the changing angle being a measure of the time rate of 
change of the angle, to determine the time interval during 
which the missile should be maintained in the circular 
path constituting a ?rst stage of maneuvering, a detection 
circuit, the two out-of-phase signals received at pairs of 
the antennae being fed into said detection circuit, means 
to superimpose the output of said detection circuits upon 
a carrier wave, frequency modulation means, means to 
generate signals representing angular deviations of the 
missile airframe from prescribed reference heading and 
means responsive to frequency modulated signals from 
said frequency modulation means to combine the fre 
quency modulated signals with the signals representing 
angular deviations of the missile airframe from prescribed 
reference heading, adding of the two signals causing the 
necessary servo command required for maintenance of 
angular velocity to cause a target interception linear path. 
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