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ABSTRACT OF THE DISCLOSURE 
A rolling missile is tracked by goniometer which de 

velops guidance signals which are transmitted back to 
the missile after a suitable delay to account for the 
rolling of the missile. The delay is provided by tempo 
rarily storing the signal developed ‘by the goniometer. 

This application is a continuation-in-part of applica 
tion Ser. No. 381,750 ?led July 10, 1964, now aban 
doned. 
The present invention relates to a method for the time 

control of the transmission of information to an object 
spatially remote from the site where the information is 
produced, as well as to apparatus for carrying out said 
method. The invention relates speci?cally to the time 
adjusted transmission of data to a missile which uses the 
data for correcting its trajectory. 
More particularly, it is an object of the invention to 

provide for transmitting information to a missile or simi 
lar device equipped with appropriate receiving mem 
bers at very speci?c times which are de?ned, for exam 
ple, by the speci?c position of the missile in space. The 
transmission of such information can be effected, for 
example, by means of electromagnetic waves. The in 
formation to be transmitted consists of guidance com 
mands issued from the ?ring site and adapted for being 
translated automatically in the missile for the actuating 
of guidance control elements in the missile. 

Stated in another way, it is 'an object of the invention 
to control the timing of the transmission of guidance 
commands to a missile so that the commands are con 
tinuously subjected to a delay which is a function of the 
rotary movement of the missile. 

Other objects, features and advantages of the inven 
tion will be apparent from the following detailed de 
scription, when read in conjunction with the accom 
panying drawings wherein: 
FIGURE 1 schematically shows apparatus according 

to one embodiment of the invention; and 
FIGURE 2 is a chart used in explaining the inven 

tion. 
In a missile which executes rolling motions imparted 

thereto at the time of ?ring and includes phase controls, 
control should be effected only at speci?c times to take 
into account the rolling of the missile. 

In order to properly time the transmission of control 
data, the invention provides that the data be stored by 
magnetic or electronic means and this data is then re 
quested by the missile and transmitted at those speci?c 
times at which the missile requires said information. 
Speci?cally, the missile itself determines the times at 
which the information has to be called for and trans 
mitted and these times are modi?ed in accordance with 
the roll of the missile. Such modi?cation is necessary to 
enable ?ight correction signals to achieve their desired 
objectives which would otherwise be lost due to im 
proper orientation of the missile in space at the time of 
effecting ?ight correction. 

Therefore, according to a special application of the 
method according to the invention, the transmission of 

15 

30 

3 01 

45 

50 

60 

65 

70 

3,372,889 
Patented Mar. 12, 1968 

ice 
2 

measured data to a missile is controlled in respect of 
time, said data being used by the missile for producing 
control or flight correction signals. 

In a known system to which the invention will be 
applied, the missile to be guided to a target may com 
prise ?xed radiation transmitters, for example, giving off 
infra-red radiation, so that an observation station will 
be able to determine, with the aid of an infra-red goni 
ometer, the distance difference of the traveling missile 
with respect to a nominal or reference axis, i.e., the axis 
from launching site to target, in respect of polar 6o 
ordinates. The missile is reproduced as an image point 
in the image ?eld of the infra-red \goniometer, and the 
coordinates of the image point are determined by fre 
quency modulation of the image point radiation with 
the center of the image corresponding to the target. 
The distance difference coordinates thus determined 

are expressed as flight path corrective signals to be trans 
mitted to the missile and to be used by the missile for 
producing control or ?ight correction signals for the 
purpose of guiding the missile in the direction of the 
reference axis or target. 

If the missile has a rolling ‘motion with a regular or 
irregular number of revolutions per unit of time, and if 
it comprises phase controls, steps must ‘be taken so that 
the missile receives the aforesaid information and gen 
erates the corresponding control signals at only speci?c 
times. 

According to the invention this is accomplished in that 
the measured data is stored, for example, in a magnetic 
memory and is called for and transmitted to the missile 
at exactly those times at which the control signals act 
on the control members of the missile in the required 
manner. ' 

Since the missile rotates, the phase controls of the 
missile have the right control position only at speci?c 
times, succeeding each other 'at either regular or non 
constant intervals, and the transmission of the data and 
delivery of the control signals must take place at these 
times only. 

Consequently, the interrogating or reproducing head 
runs in relation to the recording medium with 'a differ 
ence in speed equal to the rolling speed of the missile 
and calls for the data only at the times de?ned above. It 
is also provided in accordance with one preferred em 
bodiment that the recording medium of the magnetic 
memory runs in relation to the recording head with a 
speed of rotation of the modulation disc of the infra-red 
goniometer. 
The data corresponding to the distance difference co 

ordinates of the missile from the reference axis, as meas 
ured in the image ?eld ‘with the aid of an infra-red goni 
ometer, is recorded by a ?xed recording head on the 
recording medium of a magnetic memory, which as 
aforesaid travels at the speed of rotation of the modula 
tion disc of the infra-red goniometer. 
The stored data is called for as aforesaid by an inter 

rogating or reproducing head running at a relative speed 
equal in amount and direction to that of the rolling 
motion of the missile and is transmitted to said missile. 
More particularly, in FIG. 1, a missile 2 transmits 

radiation 4 by means of an infra-red radiator 3 to a re 
ceiving station which includes a goniometer 5. The goni 
ometer includes a lens system 6, a rotating modulating 
disc 7 having alternating permeable and impermeable 
sectors. The radiation which is chopped and frequency 
modulated by the disc 7, is converted by the infra-red 
sensing cell 8 to an FM signal which is ampli?ed by 
ampli?er 9. The frequency modulation is proportional to 
the displacement of the missile 2 from a reference or 
theoretical axis. The PM signal is recorded by ?xed re 
cording head 10 on a rotating hollow drum or record 
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means. A rotary drive 12 drives disc 7 and drum 11 in 
syn-chronism. - ‘ 

A rotary drive 13 drives an arm 14 supporting a mo 
bile reading or reproducing head 15. The speed of drive 
‘13 is related to "the rolling motion rate of missile 2. As 
the rolling rate is known for the particular missile (see 
FIG. 2), the drive 13 will ‘have a built-in programmed 
speed vcorresponding to such rolling rate. 
Head 15 is connected via commutator means 16 to 

information transmitter 18 which will pass the informa 
tion to antenna 19. Antenna 19 transmits the informa 
tion to the receiving antenna 21 of missile '2. 

FIG. 2 referred ‘to above illustrates graphically the 
rolling sped z of :the missile in response to the time t. 

" The rolling speed is established at the time the missile 
is ?red. The speed of rotation of the interrogating head, 
i.e. reproducing 'head 15, must correspond to the curve 
of FIG. 2 and a conventional programming means can 
be used for this purpose. 
The pulse control of the missile operates in such a 

manner that, at the required times control signals in 
proper phase relation with constant amplitude, are pro 
duced. In other words, with each rotation of the missile, 
a control signal is emitted in proper phase relation so 
that the deviation of the missile from the reference axis 
gradually becomes smaller and the desired correction of 
the trajecory is obtained after the nth rotation. 
The method according to the invention speci?cally 

solves unequivocally the problem of feeding data for the 
delivery of a control signal to a missile with rolling mo 
tion and with-phase controls at speci?c moments only. 
The moments are determined by the required operational 
readiness of the control members of the missile. 
What is claimed is: 
1. A missile system comprising a missile adapted for 

traveling with a rolling motion towards a target, said 
missile being further adapted to emit infra-red radiation, 
a goniometer including lens means to receive s'aid radi 

4 
ation and radiation sensitive means, and modulating disc 

' means rotating between said lens means‘ and radia 

20 

30 

tion sensitive means to generate a signal modulated in 
accordance with the distance of the missile from a pre 
determined axis, receiving means on said missile for re 
ceiving ?ight path corrective signals, transmitter means 
to transmit said ?ight path corrective signals, and con 
trol means between said radiation responsive means and 
said transmission means to delay the transmission of said 
corrective signals to account for the rolling motion of 
said missile, said control means including magnetic 
record means, means to drive said record means in syn 
chronism with said disc means, a ?xed recording means 
coupled to said radiation senistive means and record 
ing modulated signals on said record means, .a mobile 
reading means to reproduce signals from said record 
means, and drive means to drive said mobile reading 
means along said record means in proportion to the speed 
of the rolling motion of the missile. 

2. A system as claimed in claim 1 wherein the record 
means is a rotatable hollow magnetic drum and said 
recording and reading means are respectively on the 
outside and inside of said drum. 
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