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(Granted under Title 35, U.S. Code (1952), sec. 266)

. The invention described herein may be manufactured
and used by or for the United States Government for
governmental purposes without payment to us of any
royalty thereon.

This invention relates to air-to-ground target seeking
and more particularly to target seeking utilizing infrared
detection.

This invention is partlcula;rly suited for a1r-to—ground
seeker applications in that it utilizes the forward motion
of the carrier aircraft to scan the terrain. This feature
reduces the scan function of the equipment to that of
a one dimensional system which in turn permits smaller
scan spots for a given frequency limitation of the detector.
Because of the heterogeneous radiation characteristics of
the terrain backgrounds, small scan spots are necessary
for discrimination between target and background signals.
Inasmuch as a target will encompass a larger -portion of
the smaller scan spot area, the resulting signal will be
correspondingly greater as compared to the background
signal levels. A seeker based on this design affords
better target discrimination at greater ranges.

An object of the present invention is to provide novel
methods and apparatus for air-to-ground. target seeking
which methods and apparatus may utilize either an infra-
red bomb sight mounted on a plane in level flight or
mounted on a missile carried by a plane in level flight.
The method may, for example, operate by detecting the
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target and presenting azimuth and elevation signals on a

pilot’s scope to permit the pilot to aim his plane at the
target and to launch the missile when the missile and
plane are lined up on the target, and . then acts as a
seeker to guide the missile to the target.

A further object of the present invention is to provide
a double line scan that advances with the speed of the
plane in search, with a lateral oscillation of the scan spot
along each scan line, thus passing over each element of
scan spot size the desired number of times, e.g., once.
This is in strong contrast to conventional seekers that
scan over a circular or square field of view that advances
with the speed of the plane and has say, 10 scans of the
field of view per second, which often results in each ele-
ment of the field of view being covered more than 10
times in the passage of the field of view. Conventional
seekers scan over an area rather than over a double line
in order to prevent loss of the target from the field of
view due particularly to oscillation of the missile at
launch and during flight. By the use of a special control
system the seeker of the present invention is able to track
the target with only a double line rather than with a
conventional area scan. This allows the use of a much
smaller scan spot with greater discrimination against the
optical background and a greater resultant range.

A further object of the present invention is to provide
a servo control for rotation of the seeker head in eleva-
tion, to insure continuous retention of the target ‘within
the purview of the described double line scan, and with
only relatively small scan spots as the guiding media.
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This servo control effects controlled oscillation. of the
double line scan back and forth across the target, by
establishing a powerful torque to drive the seeker ‘head
and double line scan back toward the target whenever
the target leaves the double scan line, the servo control
also including application of automatic, electronically
controlled magnetic braking action to limit the speed of
passage of the double line scan over the target to a pre-
selected range, to prevent excessive overshoot and un-
stable oscillations.

A further object of the present invention is to provide
novel control methods and means for utilizing the target
signal to gate the pickoff from a potentiometer on the
axle of the azimuth scanning mirror proportional to the
azimuth position of the target, to the azimuth missile
servo controls; and also to use the target signal to gate
the pickoff from a potentiometer giving a voltage .propor-
tional to the angle between the seeker head and missile
axis to the seeker elevation servo controls. The described
methods and means function to keep the seeker axis very
closely upon the target, so that proportional control is
secured for the missile servos in elevation. i

A further object of the present invention is to provide
precontrol methods and means operative prior to launch
of a missile and while the pilot is aiming his plane 4t the
target or while the plane is in level flight and the target
is presented on a scope for conventional bombing, such
precontrol methods and means serving to apply a correc-
tion to the seeker head elevation control error- signal -for
the effect of the plane’s velocity in producing an asym-
metrical relative velocity between the ‘double scan line
and target.

A further object of the present mventlon is to prov1de
a resonant system comprising an azimuth scan mirror
mounted on a torsion member and driven by a polarized
armature. which is vibrated by the oscillating current in
an electromagnet, so that a constant frequency oscillation
is obtained from a small amount of power, and so that
the length of the double line scan can readlly be varied
by changing the amplitude of the current .in the electro-
magnet. These and other objects are hereinafter described
in the following explanation of the embodiment illus-
trated in the accornpanying drawings, wherein:

Fig. 1 indicates successive positions of the double hne
scan that advances with the speed of the plane,

Fig. 2 illustrates the effect of scan spot size on the dis-
crimination of a target from its background;

Fig. 3 illustrates the greatly reduced area of a small
angular scan spot;

Fig. 4a shows the number of 1 degree scan spots in a
10 degree square field;

Fig. 4b indicates the number of 0.1 degree scan spots
ina 10 degree field;

Fig. 5 is a schematic representation showing the prog-
ress of a missile toward a ground target under the direct-
ing influence of control apparatus embodying the in-
vention;

Fig. 6 illustrates the geometry of a double line scan
cutting out a strip field of view at the ve10c1ty of the
plane;

Fig. 7 shows the miss distance of a missile with an
error angle of 1 degree when 150 feet from a ground
target;

Fig. 8 illustrates the maneuver of a plane in launching
a missile;

Fig. 9a shows a top view of the seeker collecting mir-
ror oscillating azimuth scan mirror and sensitive cell; -

Fig. 9b is a side view of the same parts shown in
Fig. 9a;

Figs. 102 and 10b are respectively elevation and per-
spective views of the target-secker head assembly and
associated mechamsm,
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Fig. 10c gives a section of the magnetic mirror drive
along the line 6d—6d in Fig. 10a;

Fig. 10d shows the pickoff potentiometer for the azi-
muth scan mirror;

Figs: 10e and 10f show the extreme limits of the azi-
muth scan;

Fig. 11 shows the elevation angle through which the
seeker head must move to correct for the plane’s velocity;

Fig. 12 is a block diagram of the seeker components
and functlons, and

Fig. 13 is a schematic of the electric components, cir-
cuits, and functions of the seeker.

The range of tank detection is limited by varlatlons in
the optical background. In Fig. 1, 4 and 4’ represent
successive positions of a plane in level flight. The scan
spot from the plane is 1 degree and with a sight line at
45 degrees to the horizontal. The successive slant ranges
5 and 5’ represent a distance of 10,000 feet. The suc-
cessive distances 6 and 6’ represent a distance of 174
feet. The distance of each of scan spots 1 and 2 is equal

2,061,658
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to 246 feet. The area of tank 3 is 150 square feet, In
Fig. 2, the distance of each of scan spots 1 and 2 is 246

feet. The distance of each of 6 and 6’ is 174 feet. The
area of tank 3 is 150 square feet. Thus, consider the
scan spots shown in Figs. 1 and 2. = To detect tank 3 the
additional scan spot radiation from scan spot 1 due to
the presence of tank 3, must be greater than the back-
ground radiation difference between scan spots
Or, for tank detection, the-following relation holds:

radiation tank

Area tank= sq. Tt

radiation background
from scan spot 1

8q. ft.

==area scan spot

from scan spot 2

from scan spot 1
sq. ft

[radlatlon ba,ckground radiation background] o
X

sq. ft.
Or expressed in symbols,
- AflRt— Rpeil=A4gRpa:— Rnail

Rr—Rpo1 _ As
Bpe:—EBpa1 At
or

Br— RB61=§—:[RBG2'— Ryail

and the effective intensity of radiation of the tank above
its background must be larger than the background varia-
tion by the ratio of the area of the scan spot and tank.
Thus, in the example of Fig. 2, the effective radiation
from the average square foot of tank surface must ex-
ceed that from one square foot of the background by

26

2 and 1.

30

4

scan spot. Thus, in Fig. 4a, for 1 degree scan spot there
are 100 signal elements per frame as there are 10 scan
spot positions in a row and there are 10 rows, or 1000
signal elements per sec. for 10 frames per sec., as prob-
ably required for tank tracking. For an 0.1 degree scan
spot, as shown in Fig. 4b, there would be 10,000 signal
elements per frame as there are 100 scan spot positions
in a row and there are 100 rows, or for 10 frames per
sec., 100,000 signals per sec. would be required. . This
high frequency would require the use of either a photo-
conductive mosaic or an array of photoconductive cells.
(A typical sensitive PbS cell -is down 3 db at 3000 cycles
per sec.)  Photoconductive mosaics are not at present
sufficiently sensitive to detect low temperature targets
such as tanks. An array of 100 cells, each to sweep 0.1
degree wide swath across the field of view, with a sepa-
rate preamplifier for each cell, would be very compli-
cated, particularly when. it is realized that any variation
in the relative sensitivities of separate channels due to
change in characteristics in cells or tubes, would act as
noise, a difference in sensitivity between channels being
indistinguishable from the presence of a target signal in
one channel.. ;

It is thus, imperative to use a field of view as small as
consistent with proper acquisition and tracking of thé
target. The present invention relates to a secker for ac-

quiring and tracking a small ground target such as a tank,

from the air, with the use of a simple double line scan
and a special computer controlled positioning response.
The double line scan is oscillated back and forth across
the target as actuated by an error signal modified for the
effect of the plane velocity and limited in speed by an
automatic braking system so as to prevent overshoot and

provide stability.
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(42,800/150) XA background per square foot, .equals

286 XA background per square foot (average value).

If the scan spot is reduced to 0.1 degree as indicated
in Fig. 3, the tank fills a much larger fraction of the scan
spot area, and the optical noise effect is correspondingly
reduced. In this case,

428 .
Rp— RBG1=1—5O[RBG2'— Rped

or. the intensity of effective radiation of the tank above
its background only needs to be (428/150)=2.86 times

60

85

the variation in intensity of optical background as-com- -

pared with 286 times for the 1 degree scan spot. Optical
background noise thus varies as the square of the scan
spot dimension.

Unfortunately the scan spot size cannot be reduced at
will, since as shown in Figs. 4a and 4b the number of
scan spot positions in the field of view is inversely pro-
portional to the square of the linear dimension of the

70
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In particular, Fig. 6 shows the use of a double line
scan to search from the air for a small ground target
such as a tank. By means of a mirror vibrating rapidly

~ _at an angle to the course of plane 5, the radiant energy

from each scan spot position 6 is focussed in turn upon
one photoconductive detector, while simultaneously the
radiant energy from scan spot position 6b in the lower
row is focused in succession upon a second photoconduc-
tive cell. This scan pattern is carried forward at the
speed of the plane so that any target such as 7 within
the swath of width 3 is passed over by the rows of scan
spots, 6a and 6b. By the use of only a double row
scan pattern the scan spots can be made very small (of
the order of magnitude of a small target such as a tank),
without exceeding the frequency response of the photo-
conductive cell. Since a target such as a tank fills a
relatively large part of a scan spot it can be detected in
spite of variation in the optical background.

However, the dwell time of the double row scan swath
on the target would be short for a fast plane. Thus; a
plane moving at 800 feet per second in the direction of
the target and at a slant range of 10,000 .feet from the
target, and with a sight line at 45 degrees to the hori-
Zontal would have a scan spot swath height (distance 1
plus 2 in Fig. 6) of 49.2 feet for .a double line of 0.1
degree scan spots, and would take (49.2/800)=0.0615
second to pass over the target. If the vibrating mirror
scanped over the sweep width in 0.02 second, approxi-
mately . (0.0615/0.02)=3:08 signals would be obtained
from the target. before it was out of the double scan
spot line field of view.. To counteract the effect of the
speed of the plane the seeker head would have to turn
down an angle of approximately 0.14 degree in 0.03
second, requiring an acceleration of 134 degrees per sec.
The servo system of a small missile might be able to keep
the target on the double line scan before launch of the
missile from the plane, but upon launching the missile
will suffer an initial oscillation that may have an ampli-
tude of 4 degrees at a frequency of 5 per second. Under
these. conditions the servo system of such a small missile
could not be expected to keep the target in the 0.2 de-
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gree wide double line scan. (A field of view of 8 de-
grees diameter is often used for a seeker without gyro
stabilization in order to keep the target in the seeker field
of view.) Thus, to insure stability and accuracy in track
it is necessary to use a special servo control system.

The signals generated by the target in passing through
the double line scan are of opposite polarity for the two
scan lines, and if the target leaves the double line scan,
the polarity of signal last generated is of proper polarity
to actuate the elevation servo to nod the seeker head up
or down in a direction to make the double line scan
overtake the target. It is desirable for the double line
scan to overtake the target rapidly, but this would in
general lead to instability as the maximum accelerating
force applied for a large error angle would tend to make
the double line scan pass over the target at too high a
velocity for the deceleration that occurs after the target
passes one scan line to the other, to stop the movement
of the double line scan in a small angle. It is necessary
therefore when using a strong servo correction signal to
provide an automatic speed limiter on the elevation servo
control for the seeker head so that it can be stopped by
the reverse signal soon after crossing the middle of the
double line scan. No harm is done if the target passes
out of the double line scan by a small angle so that it oscil-
lates back and forth across the double line scan with a
small angular amplitude.

It is necessary to correct for the plane’s velocity, how-
ever, for if the vibrating mirror that produces the dou-
ble line scan makes 50 scans (swings) per second, i.e.,
one scan in 0.02 second, the target must not move across
a line scan in less than that time or it might not be hit
by the scan spot. Since the scan line is 0.1 degree wide,
this corresponds to a maximum average speed of
(0.1/0.02) =5 degrees per second. A plane with a hori-
zontal velocity of 800 feet per second would pass over
a scan line width under the conditions of Fig. 6 in ap-
proximately 0.0305 second, or with an angular velocity
of (0.10 degree/0.0305)=3.26 degrees per second. The
apparent velocity of the double scan line to the target
due to the plane velocity is thus a major fraction of the
allowable wvelocity, and it is necessary to add a correc-
tion to the permitied seeker head angular velocity as con-
trolled by regulated braking, to make the permitted ro-
tational speed of the seeker head in .elevation greater
when moving back toward the target and correspondingly
less when moving ahead toward the target. The swath
cut by the double line scan is too wide to escape being
cut by the double line scan due to plane or missile oscil-
lation, and every time the double line scan passes over
the target, a gating signal is produced by the lateral mir-
ror scan which connects the pilot’s scope to the azimuth
and elevation voltages proportional to the angular po-
sition of the oscillating mirror axle and the seeker head
elevation angle at that instant. The pilot thus notes the
azimuth and elevation coordinates of the target in his
scope and aims his plane to bring the target image to the
zero coordinate position at the center of his scope. .After
the plane is lined up on the target its velocity no longer
produces an asymmetrical signal in elevation. As the
target image moves toward the center of the scope the
plane velocity correction is reduced in like proportion.
The period of oscillation of the double line scan over
the target is little over 0.08 second, 0.04 second to cross
the double line scan in one direction, a relatively short
time with the target off of the scan line (because of the
powerful reversible signal) and 0.04 second for a return
across the scan line at the maximum velocity permitted
by the brake controls. As a position signal is obtained
every time a scan line is crossed, this would give
4(1/06.08) =50 signals per second. As the aerodynamic
controls of a small missile normally require about 0.1
second for operation, 5 correction signals can be aver-
aged by a capacitor-resistor network to produce one mo-
tion of the aerodynamic controls. Ten guiding signals
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per second are sufficient for a tank target when the er-
ror angle does not exceed 1 degree. Thus, in Fig. 7 if
missile 1 at a terminal velocity of 1500 feet per second
is 150 feet from target 3 at the time of the last course
correction in the last 0.1 second of its flight, the distance
2 will be the angular displacement times the radius or
(1/57.3) X 150=2.62 feet and the horizontal miss dis-
tance 123=3.69 feet. With a scan spot position loca-
tion of 0.1 degree in both azimuth and elevation, the
miss should be smaller than the above value.

If the seeker is on a fighter as at 11 in Fig. 8, with a
tank at 12, the plane can be aimed at the tank along
courses 13 and 14, and pulled up along 15, while the
missile is launched on course 16 and guided by the dou-
ble line scan seeker to the target at 12. Before launch
the azimuth and elevation error signals go to the pilot’s
aiming scope, and the azimuth correction signal also goes
to the azimuth missile servo controls, but the azimuth
signal has nearly zero guidance effect as the missile is
rigidly attached to the plane. Likewise, a correction
signal proportional to the angle between the seeker axis
and the missile axis goes to the missile elevation servo
controls prior to launch for guidance of the missile im-
mediately after launch. At launch, connections to the
pilot’s scope are broken, and the low inertia seeker head
tracks the target rapidly enough to overcome the missile
oscillation. Smoothing resistor-capacitor networks av-
erage out the variations in the angles between the mis-
sile axis and azimuth angle to the target, and between
the missile axis and elevation angle to the target as de-
termined by the seeker head axis. The pilot’s aiming
scope may also be used as a bombardier’s image tube
sight in a conventional bombing system with the plane
in horizontal flight.

Figs. 9z and 9b show the seeker optics and azimuth
scan system. A small F number system is needed so
that the image of a distant approximately point target
will be concentrated in a small area. Aberrations must
be small both for the purpose of concentrating the image
and to obtain an 0.1 degree resolution. A Mangin col-
lecting mirror 17 may be used for a small F number and
with small aberrations. Rays 120 from the junction of
the upper and lower scan spot lines of the double line
scan would be brought to a focus at point 123 if the
plane mirror 18 were not interposed in their path. Azi-
muth scan mirror 18 reflects the rays to a focus at image
28 on the boundary between detector cells 21 and 22.
In like manner, the image of a lower scan spot is brought
to focus on cell 22 and that of an upper scan spot on
cell 21, Cells 21 and 22 are held by support 129 close
to mirror 18 which can thus be small and readily oscil-
lated about the axis of rod 19. To prevent spurious re-
flections from support 129 it is made of an infrared ab-
sorbing glass covered with a nonreflecting coating for
the infrared in the cell sensitivity range so that it acts
as a light trap for this band of infrared. The shadow
of support 129 is not in focus on the image of the scan
spot at cells 21 or 22. As azimuth scan mirror 18 oscil-
lates about the axis of vertical rod 19, each scan spot
64 in the upper row of the double line scan 125 (Fig.
6) is focused on cell 21 in succession, and each scan
spot 6b in the lower row of the double line scan 125 is
focused on cell 22 in succession. If possible the cells
21 and 22 are as small as the scan spot images to obtain
a favorable signal/noise ratio. If this condition can-
not be obtained, small apertures are placed in front of
the cells 21 and 22 of the same size as the-desired an-
gular dimensions of the scan spot and in its image plane.

As indicated in Figs. 10a and 105, the target seeker
assembly includes a supporting rectangular frame 27
pivoted about the longitudinal axis of the shaft 25 of a
position-controlling servo motor 26, carrying a potenti-
ometer type of indicator 39 to show the degree of filt
frame 27 relative to airframe 28. Mangin mirror 17 is
supported by bracket 274. Azimuth scan mirror 18 is
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centered on the axis of rod 19 which is supported by
ball bearings 33 and attached. to torsion rod 32 which
is fixed at the bottom end 34. In Fig. 10c, rod 19 is
oscillated by the drive arm 35 which supports the per-
manent magnet armature 36, oscillated by A.C. flux in
the iron core 37 as produced by an A.C. current through
coil 38 with its frequency conmtrolled to produce the
proper amount of resonance with the natural frequency
of oscillation of the torsion rod system (as shown in Figs.
10a and 10b), comprising rod 19, mirror 18, drive bar
35, and torsion rod 32, to produce the angular oscillation
of mirror 18 that causes the scan 125 in Fig. 6 of the
desired amount. The resilient stops 12a prevent damage
by excessive amplitude of oscillation. Potentiometer 126
(as shown in Figs. 10q, 106, and 10d) gives a voltage
proportional to the angular position of the top of rod

19. Rod 32 is of small diameter so that it can be twisted

5 degrees by a relatively small armature force when
resonance is approached. Rod 19 is stiff enough to oscil-
late light mirror 18 by difference in the angle of twist
at potentiometer 126 and mirror 18. Potentiometer 126
thus gives a voltage proportional to the angular position
of mirror 18 with respect to airframe 28. Figs. 10e and
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10f show the extreme limits of azimuth scan as deter- -

mined by aforementioned torsion rod system.

Fig. 11 illustrates the acquisition of the target T, at 40.
The attacking plane 41 at P; is flying horizontally, the
double line scan 3 projected onto the ground along direc-
tion 42 and moving a search path over the ground at the
speed of the plane. When the plane has reached posi-
tion P, at 43 the double line scan would have moved to
point in the direction 44 if the target had not been en-
countered. Upon passage of the double line scan over
the target, however, the correction signal applied to make
the secker head nod downward and hold on the target is
increased by a factor proportional to the velocity of the
plane so that the double line scan passes back over the
target at the maximum speed that still allows an azimuth
signal to be picked up.

Fig. 12 shows a block diagram of the secker com-
ponents and functions. When the double line scan
passes over the target, a pulse signal is generated and
then detected at 45. This is amplified and limited in
‘magnitude by amplifier limiter 46, the gate signal circuit
47 giving the same polarity signal regardless of the polar-
ity of the output of amplifier limiter 46.  This gating
signal is applied to tube 48, which allows the ontput of
the potentiometer 49 on the azimuth mirror axle to pass
an output proportional to the azimuth position of the
target, to condenser-resistor smoothing network 50 and
hence to the azimuth deflecting plates of the pilot’s scope
51, and also to the magnetic amplifier 52, the azimuth
missile servo motor 53, and hence to the azimuth missile
aileron 54. The missile controls have no effect until
after launch but are correcting the instant of launch.
Likewise, the gate signal circuit 47 gates tube 55 allow-
ing the output from potentiometer 56 on the elevation
seeker axle to pass a voltage proportional to the eleva-
tion position of the seeker axis relative to the missile
axis, to pass to the condenser-resistance smoothing net-
work 57 and hence to the clevation deflecting plates of
the pilot’s aiming scope 51, and also to magnetic ampli-
fier 58, elevation missile servo motor 59, and missile
elevation aileron 66. The missile controls do not of
-course become effective until after launch.. The secker
head elevation servo correction originates from amplifier
and limiter 46 and passes plus and minus polarity signals
to polarity sensitive flip-flop circuit 61 which supplies a
fixed D.C. voltage output in the interval between signal
pulses and of a polarity determined by which line of the
double line scan the target last passed over. These plus
and minus fixed voltages are amplified and produce
powerful driving torques on elevation seeker servo motor
62 that is sufficient to bring the double line scan back
over the target at a much greater speed than could be
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transformer 80.
‘tubes 48 and 55 when a signal pulse is received by the

tolerated either for stability ‘or for permitting the target
to be picked up by the azimuth mirror. Brake 63 is
thus provided to limit the velocity of the seeker axis in
elevation to the permissible value with respect to the
target, which corresponds to a variable velocity with
respect to the seeker axis, depending upon the plane ve-
locity. Tachometer type D.C. generator 64 produces
no braking action until its voltage exceeds that of cali-
brated threshold circuit 65; the output of 65 is then
modified by a voltage proportional to the plane velocity
correction on lead 66 and the resultant impressed on
magnetic amplifier 67 that regulates the braking action
of 63. The correction for the plane’s velocity has its
origin in a voltage from plane velocity potentiometer 68
that .can be manually or automatically adjusted. Auto-
matic potentiometer balancing circuit 69 passes to lead
66 that fraction of the voltage maximum velocity correc-
tion that corresponds to the ratio of the instantaneous
and initial -elevation axle displacement voltages from
lead 70, i.e., to the angle between.the seeker axis and
the axes of the plane or missile, so that when the plane
is flying- a level horizontal course, the full plane velocity
correction will be made, and when the plane axis is lined
up on the target, no velocity correction is given, and
with other plane velocity corrections proportional to the
condition between these extremes.

Fig. 13 is a schematic of the electrical circuit. De-
tector 45 contains the two photoconductive cells 21. and
22 connected in series with bias voltage 73, the IR drop
across cell 22 being impressed on conventional ampli-
fier and signal limiter 46. The output of signal limiter
46 is impressed through isolating condensers 74 and 75
to gate signal circuit 47. Resistor 76 divides the input
voltage on tubes 77 and. 78 so that opposite polarities
are impressed on tubes 77 and 78 with a common plate
voltage source. 79 and transformer primary of 80 as a

.common load. Thus, regardless of the input polarity on

signal circuit 47 the -voltage output on lead 81 will
always have the same polarity and is made positive by
connection to the proper terminal of the secondary of
Lead 81 applies a gating voltage on

passage of the target image over one of the cells 21
or 22 of detector 45. The gating voltages impressed

.on the screen grids of tubes 48 and 55 are approximate-

ly -constant due to the .section of the limiter 46 and of
sufficient value to allow the control grids to substantially
determine the current flow in tubes 48 and 55. Azimuth
scan mirror axle potentiometer 49 impresses a voltage
on the control grid of tube 48 so that it is proportional
to the deflection of azimuth scan mirror 18 at the instant
the target image is passing over one of the cells 21 or
22.  The output-from tube 48 is in series with capacitor-
resistor smoothing network 50, whose output goes to the
azimuth deflecting plates of pilot’s scope 51 and to
azimuth missile servo 121 comprising .amplifier 52 and
servo motor 53. In the same manner tube 55 receives a
positive gating pulse that passes a voltage proportional
to the elevation angle between the seeker axis and the
missile axis, the missile axis being bore-sighted with the
plane axis before launch. The output from tube 55 is
jmpressed on smoothing capacitor-resistor network 57

.whose output is impressed on the elevation deflection

plates of pilot’s aiming scope 51 (before launch), and

.also to elevation missile servo 127 comprising amplifier

58 and servo motor 59.
Seeker elevation servo motor 62 requires a sustained
signal in.the interval between signal pulses. This volt-

- age is a constant, high value whose polarity must corre-

spond to the last cell 21 or 22 that the target image
passes over. .This is provided by a polarity sensitive

Alip-flop circuit 61 with the plate of tube 82 coupled to
the grid of tube 83, and the plate of 83 coupled to the
,grld of 82, and the transformers 84 and 85 with their
primaries in series with the output of amplifier and
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limiter 46 and with the secondaries wound in opposite
directions so that a positive pulse from limiter 46 has a
sufficient positive magnitude on the grid of tube 82 and a
negative pulse on the grid of tube 83, to drive tube 82
to saturation and tube 83 to cutoff. The voltage on the
grid of tube 82 will then remain strongly positive, since
the plate of tube 83 is at a relatively high potential when
not drawing current, and the grid of tube 83 will be
locked negative since the positive voltage from the plate
of tube 82 is decreased when the tube draws current, and
under this condition the cathode resistor of tube 83 is
large enough to drive it to cutoff. Thus, the output leads
86 of flip-flop circuit 61 carry a voltage of constant
polarity after a given pulse until a pulse of opposite
polarity occurs on the output of amplifier and limiter 46.
Circuit 69 supplies voltage on potentiometer 88 which
can be calibrated by variable resistor 89, which is varied
manually or automatically corresponding to the plane
velocity. Potentiometer 9¢ has a voltage impressed
across its high resistance equal to the voltage of conden-
ser 92 above earth when charged through rectifier 93
from the output of capacity-resistance network 57 when
the first target signal trips tube 55, the time constant of
capacitor 92 and potentiometer 90 being long enough to
prevent any appreciable discharge in the time between
signals. The capacitor-resistor network 94 has a short
enough time constant so that the voltage at point 95
corresponds to that of the last signal from capacitor-
resistor network 57. The pickoff voltage from potenti-
ometer 99 is bucked against that from capacitor-resistor
network 94 at point 95 and the resuit impressed on the
input of differential amplifier 96, the output of amplifier
96 going to servo motor 97 to move rotors 98 and 99
(which are mechanically attached but electrically in-
sulated) toward the left (decreasing pickoff voltage)
until the pickoff voltage from potentiometer 90 is equal
to the voltage on capacitor-resistor metwork 94. The
pickoff point on potentiometer 98 is thus slaved to
follow the fraction represented by the ratio of the last
signal from capacitor-resistor network 57 compared to
the initial signal, and since these voltage are proportional
to the elevation angle between the target direction
(followed by the seeker axis) and the missile axis, this
ratio is proportional to the ratio of the distances 181 to
100 on pilot’s scope 51, of the target given position to
the target initial position from the horizontal coordinate
line 102—102 of the scope. As pickoff 99 of potenti-
ometer 88 moves with pickoff 98 of potentiometer 99,
the plane correction voltage picked off from pickoff 99
is also proportional to distances 161 to 106. The leads
87 have an A.C. voltage of the correct amplitude for
the plane velocity correction, but which must be con-
verted to a D.C. voltage of the proper polarity. For
that purpose the voltage is applied to parallel circuits
each of which contains a gating impedance transformer
104 or 105, a rectifier 106 or 107, and resistors 168 or
109, so that current only flows in one of these parallel
circnits when a gating signal is obtained from trans-
former 104 or 105, which have primary coils wound in
opposite directions and both in series with a circuit

-across the voltage output of leads 86. Thus, the polarity

of the voltage on leads 86 determines whether the upper
or lower circuit of 69 passes current, and hence the
polarity of the correction voltage picked off from resistors
108 and 109 in series, and which is impressed on resistor
110, as the corrected voltage for the plane velocity.
Tachometer type gemerator 64 is driven at a speed pro-
portional to that of fluid magnetic clutch brake 63 and
elevation seeker axle servo motor 62. As long as the
motor speed does not exceed the given permissible value
the voltage of the generator is below that of threshold

" circuit 65 and no current flows through resistor 111,

since rectifier 112 only allows the current to flow in one
direction and battery 113 prevents its flow until the
threshold value is larger than that across resistor 114.
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When the speed of motor 62 slightly exceeds the desired
value, current flows in resistor 111 and the voltage across
resistor 110 is added or subtracted from this value (de-
pending upon the polarity) to give the resultant braking
signal to magnetic amplifier 67 which produces a pro-
portional and powerful braking action on magnetic
brake 63 to limit the speed of servo motor 62 to the
permissible value.

After the launching of the missile from the plane, the
velocity correction is no longer needed as the seeker
axis points at the target and the missile axis is kept
approximately on the target. Upon launching of the
missile the circuit 69 that furnishes the plane velocity
voltage correction is automatically interrupted due to
the separation of the inter-fitting parts of disconnect
plug 1154, so that the error voltages driving the seeker
servo motor in elevation are symmetrical and of a suffi-
cient constant value of magnitude to rapidly drive the
double line .scan back on the target, with regulated
braking of the servo motor velocity to a set fixed value
with respect to the target. Also, upon launching, the
pilot’s aiming scope 51 is disconnected automatically due
to the separation of the inter-fitting parts of disconnect
plug 115b. '

Scanning over two marrow strips (double line scan)
of the field of view rather than over an area has the
great advantage that the size of the scan spots in the
narrow strips may be greatly reduced without increasing
the number of elements scanned per second beyond the
frequency response of -the detecting cells. The unusual-
ly small scan spots provide increased discrimination
against- the optical background of the target with corre-
sponding increase in range.

To make possible the above advantage the double
line scan of the secker head must closely track the
target in elevation angle. The seeker elevation tracking
servo system has the advantage over conventional
systems in that it is capable of accurate target tracking
with only a double line scan, which incorporates a
powerful corrective drive the instant the target leaves
the scan line, but prevents overshoot by an automatic,
electronically controlled braking system that prevents
the relative velocity of correction between scan line and
target from exceeding a set value, which always returns
the servo system to the same reference condition and
prevents excessive overshoot and unstable oscillations.

A corréection to the braking system of the seeker head
elevation controls for the apparent angular motion of
the target due to the plane’s velocity, allows the rela-
tive velocity of the double scan line and target to be the
same when the double scan line swings back toward the

‘target (in its small oscillation about the target) from in

front or behind, so that the target is more accurately
positioned in the center of the oscillation.

A threshold voltage (representing servo motor veloci-
ty) detector circuit with a rectifier and bucking voltage
source has the advantage that no voltage appears on the
pickoff resistor until the threshold voltage is reached, and
then the change is much more rapid than with say a tube
biased to cutoff for which the current changes slowly
with voltage near cutoff.

The advantage of using the approximately linear por-
tion of the oscillation of a mirror vibrating in angular
harmonic motion in resonance with an electro-magnetic
drive is that it can have quite a high speed of oscillation
with a small amount of vibration and the expenditure
of little power.

The advantage in the optical system of a seeker, in
placing the detector cells close to the oscillating scan
mirror which in turn is a small distance outside the focal
point of the collecting mirror is that it allows the scan
mirror to be small so that it is easily vibrated and does
not obstruct an appreciable fraction of the aperture of
the collecting mirror. By mounting the cells on a support
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of mfrared absorbing material with a non-reﬂectlve coat-
mg spurious reflections are prevented.

What is claimed is: :

1. A ground target seekmg system comprising, in com-
brnatlon, airborne scanning means for effecting a double
line scan having a rate of progression commensurate
with the velocity of the carrying craft, said means in-
cluding circuitry operating to produce signal polarity re-
versal as between the boundaries of said double line
scan, a secker head rotatably mounted on ‘said ‘craft,
means responsive to such polarity reversal to produce
rotation of said seeker head in relation to the target, said
rotation-producing means including. means for applying
to said seeker head a fixed torque of relatively large
magnitude, servo correction means for exerting a driving
torque on said seeker head of a magnitude equal to the
combination of said fixed torque plus the instantaneous
braking torque required to limit the relative velocity of
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said double line scan and said target, means for generat-

ing said braking torque, and means for controlling said
generating means in such manner that said double line
scan is brought quickly back to the target but with a
limiting speed that prevents excessive overshoot or in-
stability. -

2. A ground target seeking system as deﬁned in claim
1 wherein said rotation-producing means includes a servo
motor mechamcally connected to drive said seeker head,
and means for energizing said motor.

3. A ground target seeking system as defined in claim
1 wherein the means for generating said braking torque
is comprised of a brake, and means including a gener-

ator driven at a speed proportional to that of.said servo -

motor for energizing said brake.
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4. A ground target seeking system as deﬁned in claim -

3, including means for controlling the output of said gen-
erator, said means including a threshold velocity detector

circuit, and means for causing said circuit to pass gen- -

erator current only when the generator. voltage exceeds
a set value, said means including a first resistor in said
threshold detector circuit that passes current. only when
the voltage output of said generator exceeds the thresh-
old value, and a second resistor with a voltage drop pro-
portional to a correction for the component of the said
carrying craft velocity perpendicular to the said target
direction.

5. An airborne infrared detector of ground targets
comprising means for providing a double line azimuth
scan having a rate of progression commensurate with the
wvelocity of the carrying craft, means operating to pro-
duce target signal polarity reversal as between.the for-
ward and rear scan lines of the said double -line azi-
muth scan, a seeker head rotatably carried by said craft,
and means responsive to said signal polarity reversal. to
control the rotation of said seeker head in relation to the
ground target.

6. An airborne infrared detector of ground targets
comprising means for providing a double line azimuth
scan having a rate of progression commensurate with
the velocity of the carrying craft, means operating to
produce target signal polarity reversal as between the
forward and rear scan lines of the said double line azi-
muth scan, a seeker head carried by said craft, rotatable
in elevanon, elevation servo means for utilizing the last
polarity sign of said double line azimuth scan to control
the angle of said seeker head in relation to the ground
target, and elevation servo correction means for exerting
a driving torque on said seeker head.

7. An airborne infrared detector of ground targets
comprising means for providing a double line azimuth
scan having a rate of progression commensurate -with
the velocity of the carrying craft, means operating to pro-
duce target signal polarity reversal between the forward
and rear scan lines of the said double line azimuth scam,
a seeker head carried by said craft, rotatable in elevatlon,
elevation servo means for unhzmg the last polarrty s1gn
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of said double line azimuth scan to control the angle of
said seeker head in relation to the ground target, and ele-
vation servo correction means for exerting a driving
torque on said seeker head, said correction means com-
prising a servo motor to supply a fixed torque output
and means for modifying the said fixed torque output

to limit the relative velocity of said double line azrmuth .

scan and said target.

8. An airborne infrared detector of ground targets as
defined in claim 7 wherein the means for modifying the
said fixed torque output compnses a brake and means
to control the said brake.

9. An airborne infrared detector of ground targets
comprising means.for providing a double line azimuth
scan having a rate of progression commensurate with the
velocity of .the carrying craft, means operating to pro-
duce target signal polarity reversal between the forward
and rear scan lines of said double line azimuth scan, a
seeker head carried by said craft, rotatable in elevation,
servo means for utilizing the last polarity sign of said
double line azimuth scan to control the angle of said
seeker head in relation to the ground target, and eleva-
tion servo correction means for exerting a driving torque
on said seeker head, the said correction means is com-
prised of a serov motor to supply a powerful fixed torque
and means producing a braking torque to limit the rela-
tive velocity of said double line scan and said target.

10. An airborne infrared detector of ground targets as
defined in claim 9 wherein the said means producing a
braking torque is comprised of a brake and a generator,
the said generator driven at a speed proportional to that
of said servo motor, a threshold velocity detector circuit
that passes generator current when the generator voltage
exceeds. a predetermined value, a first resistor in said
threshold velocity detector circuit that only passes cur-
rent when the voltage of said generator exceeds the
threshold value, and a second resistor with a voltage drop
proportional .to a correction for the component of the
said carrying craft velocity perpendicular to the said
target direction, said first and second: resistors being in
series with the input of an amplifier whose output con-
trols the said brake so that'the double line azimuth scan
is brought quickly back to the said target at such a rate
of speed that prevents excessive overshoot or instability.

11. In an infrared detector of ground targets, an oscil-
lating mirror to scan an upper and a lower strip of the
field of view across an upper and a lower detector cell
respectively, a seeker head mounting said oscillating mir-
ror and detector cells that is rotatable in elevation, and a
servo control system comprised by an amplifier that fur-
nishes a strong, fixed magnitude but variable polarity
drive current, a reversible servo motor to position said
seeker head, and a braking system o prevent.excessive
overshoot comprised by a generator connected to 'said
servo motor axle, a threshold detector circuit connected
to the output of said generator and a pickup resistor in
said threshold detector circuit that has an output voltage
only when the velocity of said servo motor exceeds a fixed
value, a second resistor with an IR drop proportional to
the velocity correction for the plane carrying said detector
in series with said pickup resistor and the input to a mag-
netic amplifier, a brake on said servo motor controlled by
said magnetic amplifier, the correction’ voltage across

" said second resistor being obtained from a first potentiom-

eter, a fixed A.C. voltage source on said potentiometer
proportional to the plane velocity, and the pickoff on said

first potentiometer attached to said second potentrometer,

a voltage source on said second potentiometer - propor-
tional .to the initial elevation angle of the target to the
plane axis, the pickoff on said second potentiometer. giv-
ing a voltage that is bucked against a voltage sou'rce pro-
portional to the elevation angle between the target and
plane axis when:the target was last on said double line
scan, and the resultant voltage impressed- on a servo

-motor that drives said potentiometer pickoffs until said
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voltages are equal so that the pickofl on said first poten-
tiometer gives a plane velocity correction proportional
to the angle between the target and plane axis, so as fo
supply the proper voltage to said magnetic amplifier to
regulate the amount of braking and to limit the relative
angular velocity of said double line scan to the target, to
a set maximum value with the prevention of overshoot.

12. In a seeker with a scan field comprised by two par-
alle] lines of scan spot elements, a torsion system consist-
ing of a rigid support member, a mirror mounted on said
rigid support member for rotation about a vertical axis,
an angular position indicating potentiometer having a
~ contact arm mounted on said rigid member, a drive arm
attached to said rigid member, a torsion rod with upper
end. of said drive arm, the core of an electromagnet spaced
about said armature, and a coil surrounding said core so
that an A.C. current may be passed through said coil to
deflect said drive arm at a frequency close to the natural
frequency of oscillation of said torsion system, so as to
produce a smooth, angular harmonic motion with the ap-
plication of little power.

13. In a seeker optical system, the combination of a
collecting mirror, a plane mirror within and close to the
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focal point of said collecting mirror which may be oscil-
Jated in azimuth to scan the image of the field of view
across two detector cells, said cells being positioned close
to said plane mirror so that it may be small and not ob-
struct an appreciable part of the aperture of said collect-
ing mirror, a support from said collecting mirror for said
cells that extends along the optic axis of said collecting
mirror and is comprised of a slender body of infrared
absorbing glass and a non-reflective coating for the in-
frared in the sensitive band of said detector cells on said
glass support so that it acts as an infrared trap and pre-
vents spurious reflections, and its position inside the focal
point of said collecting mirror prevents its shadow from
forming a real image on said collector mirror.
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