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6 ClaEmS. (C1. 250-232) 

ABSTRACT OF THE DISCLOSURE 
Apparqtus is provided for producing signals which rep- 

resent infoFmation indicative of the location of a light 
source which is permitted to be imaged upon the photo 
detecting surface through a mask having a rectangular 
shaped omning over which a shutter is oscillated having 
a differently shaped opning, whereby the output of the 
photo detector comprises pulses whose width represents 
information as to the position of the light source. 

- 
This invention relates in general to light detection sys- 

tems and, more particularly, to electro-optical apparatus 
for determining the Rsition of a light source. 

Becaute of the distances traversed in space flight, espe- 
cially interplanetary space flight, it is necessary to direct 
the antennas on the spacecraft toward the earth in order 
to transmit and receive signals to and from the space- 
craft which are weak upon arrival at their respective re- 
ceiving means. Since it is desirable for the received sig- 
nals to have as high a level as possible, the spacecraft 
antennas must be oriented in a position whereby the 
maximum signal can be transmitted and received. It has 
been found that by utilizing the earth as a light source 
and positioning the antennas so that they point directly 
toward this light source, it is possible to reduce require- 
ments of the transmitter on the spacecraft. Normally, a 
light detector is mounted so that it points in the same 
direction as the antenna. The light detector determines 
the position of the light source with respect to the an- 
tenna and then a correctional signal is produced so that 
the antenna is positioned where a maximum signal can 
be transmitted and received. 

It has been found, however, that in prolonged space 
fligw, such as for a year or longer, where failure of 
moving parts in such light detectors can occur because 
of long continuous use, it is desirable that the moving 
parts of the light detector and associated equipment be 
kept to a minimum. Heretofore, light detection devices 
which have been used for positioning antenna spacecraft 
have required many moving parts and also been cumber- 

and extremely complicated. 
order to overcome the attendant disadvantages in 

prior act light detection systems the light detection sys- 
tem of the present invention provides information with 
regard to the orientation of the spacecraft antenna with 

the light source utilizing only a single moving 
&wing maximum reliability during prolonged 

s w e  flights. 
More specifically, accordipg to an embodiment of the 

invention, an optical system focuses an image of a light 
the surface of a photosensitive light detector. 

cal system and the light de- 
tq tor  is a position reference having a rectangular aper- 
ture therein. A .tr+pezoidplly shaped shutter i s  oscillated 
in a plane becwsep the detector and the optical system, 
alternately blMing and passing the light image through 
the aperime of @e gosition reference to the light detectbr. 
The light &Wtor nqrmally comprises a photsmultiplier 
tube. 4 s  explaiiped herein, outEut signals of the detector 
furnish information of the position of the light sourc~: 

2 
with respect tQ two axes of an a n t e m  and, further, prd- 
vide information as to whether or n6t the light source is 
present. Correction of the antenna can then be made SO 
that it points toward the light source. 

The advantages of this invention, both as to its con- 
struction and mode of operatiop, will be readily appre- 
ciated as the same become better understood by refer- 
ence to the following detailed description when considered 
in connection with the accompapying drawings in which 
like referenced numerals designate like parts throughout 
the figlires and wherein: 

FIG. 1 is an exploded fragmentary view of the portions 
of the light detection system of the present invention; 

FIG. 2 is a perspective view of the light detection sys- 

n of the light detection 
tions of the light source; 

FIGS. 4 ( a ) ,  4 ( b ) ,  and 4(c) show curves of the output 
voltages obtained from the light detection system and 

20 various positions of the light sources shown in FIG. 3, and 
FIG. 5 is an alternate embodiment of the shutter used 

in the light detection system of FIGS. 1-3. 
Referring now to the drawings, there is shown in FIG. 

1 the major portions of the novel light detection system 
25 of the subject invention for purposes of explanation of 

the operation thereof. The light detection system com- 
prises essentially an optical system 12 which is used to 
focus an image of the source of light on a photosensitive 
light detector 14. Interposed between the optical system 

30 and the light detector is a position reference 16. Further, 
a shutter 18 having a trapezoidal shape is interposed be- 
tween the optical system 12 and the position reference 16. 
The shutter oscillates back and forth across the position 
reference so that the light source whose rays are focused 

35 to a point in the plane of the position reference is alter- 
nately blocked and allowed to pass. 

The light detection system of FIG. 1 is normally posi- 
tioned with respect to an antenna on a spacecraft so that 
when the light source is focused in the center of the posi- 

40 tion reference 16 the antenna wit1 be orientated in a posi- 
tion whereby a maximum signal will be both transmitted 
and received. Should the light source shift with respect 
to the antenna so that the light source is no longer focused 
in the center of the position reference, the antenna will 

45 no longer be in an optimum position. The amount of the 
shift of the light source from the center of the position 
reference is proportional to the amount which the antenna 
has shifted from its optimum position. The present inven- 
tion provides a system for detecting and 'determining the 

50 amount of shift ,of the light souPce from the center of the 
position reference with respect to two axes in the plane 
of the position reference. A signal indicative of the posi- 
tion of &e light source and the antenna can then be 
to produce a correctional signal (which forms no pa 

55 this invention) for the antenna of a spacecraft. The an- 
tenna can then be moved to a position whereby maximum 
output signals will once again be transmitted and received. 
Simultaneously, of course, the light source will once again 
be positioned in the center of the position reference. More- 

60 over, absence of a signal from the light detector would be 
an indication that no light source was present. 

Referring now to FIG. 2, there is shown a preferred 
embodiment of the invention in accordance with the above 
illustrated drawing. The optical system comprises a lens 

65 24 which is secured in a lens holder 26. The lens holder 
is fastened to one end of a housing.28. Also contained 
within the housing is a photbsensitive light detector which 
comprises a photomultiplier tube 32 having a position 
reference which is formed of an opaque portion 34 mount- 

70 ed at the photosensitive end of the photomultiplier tube. A 
rectangular aperture 36 in the position reference allows 
light beams which impinge the lens 24 to pass through 

6 
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the position reference to the photosensitive surface of the 
photomultiplier tube. 

The shutter comprises an opaque, trapezoidally-shaped 
member 42. The major width of the shutter is slightly 
greater than the width of the aperture 36. The shutter 
is caused to oscillate by means of a simple magnetic drive 
system (which forms no part of this invention). Secured 
to one end of the mmber 42 is a vibrating reed which is 
split into a pair of leaves 52, 54. The leaves are then 
secured to the magnetic drive means contained in a hous- 
ing 56. Normally the drive means may consist simply of 
a pair of coils suspended in a permanent magnetic field. 

The shutter oscillates in front of the aperture 36 to the 
extreme positions shown by the dotted lines in FIG. 2. 
These extreme positions are such that when the shutter 
is in these positions light from the lens 24 can strike any 
portion of the aperture 36 and will not be blocked by the 
shutter. 

Referring now to FIG. 3, there is shown for purposes 
of illustration of operation of the device of FIG. 2 three 
different positions of the source of light focused in the 
aperture and in FIG. 4(u-c) the resultant output signals 
depicted by these three positions, respectively. In posi- 
tion A the light source is focused directly in the center 
of the aperture. When the light source is focused in this 
position and the shutter is positioned directly over the 
ap&ure, no light is received by the photomultiplier tube. 
FIG. 4(u) depicts the output voltage of the photomulti- 
plier tube with the light source in position A. At time to ,  
the shutter is positioned exactly at its center of move- 
ment. In this position the light source is blocked by the 
shutter and there is no output signal from the photo- 
multiplier tube. As the shutter moves toward the left, at 
time tl the shutter will no longer cover the light source 
and an output voltage will be produced. This output volt- 
age continues until time tz when the shutter has com- 
pleted its movement to the left of the aperture and once 
again covers the light source as it moves to the right. At 
time ts when the shutter has moved to the right of the 
light source, an output voltage again is produced. The 
shutter continues its movement to the right of the aper- 
ture and then returns once again at time t4 to a position 
where it is blocking the light source. 

When the light source is focused at position B iu the 
aperture, that is, moves along the x-axis with respect to 
the aperture, the shutter will block the light source but at 
a later time during the movement of the shutter from left 
to right in the drawing than if the light source were in the 
center of the aperture. FIG. 4 ( b )  depicts the output volt- 
age when the light source has been shifted to position B 
in FIG. 3. At time to when the shutter is blocking the 
aperture, no output voltage is produced. However, as the 
shutter moves to the left an output voltage is produced 
at time tS when the light source is no longer blocked by 
the shutter which is at a time later than for a light source 
centrally positioned in the aperture. Further, as the shutter 
once again moves to the right the light source is covered 
at time t.$ and an output voltage is no longer produced. 
As the shutter continues to move toward the right the 
pulse once again is produced when the shutter uncovers 
the light at time t7. Of course, as the shutter is moving 
toward the right and then once again toward the left, the 
output pulse width will be longer than the initial output 
pulse until a time ta at which time the output pulse is no 
longer produced due to the blocking of the light source 
by the shutter. 

With the light source in position C, that is, the light 
source having moved along the y-axis with respect to the 
aperture, the narrow portion of the shutter will block the 
light source. Due to the narrow portion of the shutter 
blocking the light source, the output pulse width is wider 
than if the light source were in the center of the aperture. 
Referring now to FIG. 4(c), there is depicted the output 
voltages with the light source in position C in the aper- 
ture. The light source has moved to a position wherein 

4 
the portion of the shutter covering the aperture will be 
smaller. At time to when the shutter is centrally positioned 
with respect to the aperture, no output signal is produgd. 
As the shutter oscillates in its normal pattern movement, 

5 due to the smaller time duration that the shutter will 
cover the light source larger output pulse widths are pro- 
duced than for a centrally positioned light source while 
simultaneously smaller periods of no voltage output will 
be produced as the shutter covers the light source. Should 

10 the light source move along the y-axis in the opposite di- 
rection than that depicted by point C, the output voltage 
pulses would be smaller than that when the light source 
werc centrally positioned in the aperture. 

With the foregoing in mind it becomes readily apparent 
15 that by shaping the shutter trapezoidally the time that 

the shutter first blocks the light source during its move- 
ment is an indication of the position of the light source 
along an axis perpendicular to the slope of the edge of 
the shutter. Further, the duration of time that no output 

20 pulse is produced is an indication of the position of the 
light source along an axis parallel to the altitude of the 
trapezoid. Thus, by comparing both the time when an 
output signal no longer occurs and the time duration of 
no output signal with a reference signal, the position of 

25 the light source in the plane of the position reference can 
be ascertained by conventional circuitry. As previously 
explained the light detector may then be repositioned SO 
that the light source is once again in the center of the 
position reference. 

Referring now to FIG. 5, there is depicted an alternate 
embodiment of the shutter depicted in FIGS. 1 through 
3. The shutter of FIG. 5 comprises a trapezoidal section 
62 having attached thereto a pair of rectangular sections 
64, 66. The widths of the trapezoidal section alr! equal 

35 to the width of the rectangular sections to which they 
are joined, respectively, Use of the shutter of FIG. 5 
minimizes variations in output pulses. For example, with 
the use of the shutter of FIGS. 1-3 should the light source 
be positioned at the extremes of the aperture along the 

40 y-axis, either a large or small output pulse width, respec- 
tively, would be produced. 

In the embodiment of FIG. 5,  should the light source 
move along the y-axis a substantial amount, a corr&flaa 
signal will be produced until the light source has returned 

45 to the center. Should the light sdurce move in the vicinity 
of either of the rectangular sections the output s i g d  
produced by the detector would, of coursei be the S a m  
at any portion of each rectanghlar section. The c of few 
tional mechanism will then move the light detector 8d 

50 that the light source will once agairl be positioned to- 
ward the center of the aperture, However, since the pur. 
pose of the invention is to position the light source in thb 
center of the aperture, it is unnecessary to exactly deter- 
mine the position of the light source along the yzaxb 

55 until the light source is positioned near the center of the 
aperture, that is, in the vicinity of the aperture covefed 
by the trapezoidal section 62 of FIG. 5. By use of thtl 
rectangular sections connecting the trapezoidal section, 
if error signals dependent upon the pulse widths are used 

60 to correct the position of the vehicle, extremely large or 
extremely small output signals of the detector are not 
produced. Thus, the circuitry of the correctional device 
can be readily designed for a minimum of output pulse 
width variation. 

An embodiment of the light detector utilizing the shut- 
ter depicted in FIG. 5 has been built utilizing a 7-element 
refraction system FA.2, 50 mm. focal length lens for an 
optical system. The field of view was 4" along the x-axis 

7o and 10" along the y-axis. The shutter was driven at a 
frequency of 20 cycles per second. For a light detector, 
a Dumont type IC2185 10-stage photomultiplier was uti- 
lized. This photomultiplier has an S-11 response, silver 
magnesium dynodes, and a current gain of 1.25 x 106 with 

30 
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While the aperture has been depicted as a rectangular 
opening, it should be understood, of $oursea that other 
Codgurations such as elliptical or circuhr ape~pgs cQgld 
be used. 

Further, whiTe the shutter has been depicted both as a 
trapezoidaf section and as a, trapezoida1 section intercon- 
necting a pair of rectangular sections, other sha,pes such 
ips a triangular section could be utilized. 

It shomld be understood that the foregoing disclosure 
Felates only to prefwred embodiments of the invention 
and that it is intended to cover all changes and modifica- 
ms of the exampies in the invention herein chsen  for 
the purposes of the disclosure which do not constitute 
departures from the spirit and scope of the invention. 

What is claimed and desired to be secured by Letters 
Patent is: 
1. A light detection system cootained in a busing fQr 

determining the position of a light source about a first 
and second axes of a space vehicle comprising: 

a light detector mounted in said housing, said light 
detector comprising a photomultiplier tube having 
a photosensitive surface in a plane parallel to that of 
said first and second axes, said light detector having 
first and secpad output states, said first state being an 
outpgt pulse when said light source i s  detected by a 
photosensitive surface and said second owtput state 
being a lack of an output signal when no light source 
is detected by said photosensitive surface; 

a position reference having a rectandar  apertwe 
therein mounted on said photosensitive surface in a 
plane parallel to that of said axes; 

an optical system having a lens forming the outer sur- 
face of a portion of said housing and mounted in a 
plane parallel to that of said axes for focusing an 
image of ssLid light source on said photomultiplier 45 
tube; and 

means for alternately allowing said light source to be 
blocked and passed to said photosensitive surface 
through said aperture comprising a shutter having a 
trapezoidal shaped portion and first and second ret- 5O 
tangular shaped portions, each of said portions being 
in a plane parallel to that of said axes, the width 
of said first and second rectangular portions being 
equal to the width of the parallel sides of said trape- 55 
zoidal portion and being joined to the respective 
equal parallel sides, said shutter being interposed be- 
tween said optical system and said light detector, 
drive system means for oscillating said shutter along 
an axis parallel to that of said parallel sides of said 60 
trapezoidal portion and parallel to the narrow sides 
of said rectanglar aperture, said drive system being 
mounted on said housing, said shutter being con- 
nected by means of said pair of leaves to a drive 
system mounted in said housing, 

the time change of said light detector from one out- 
put state to the other of said output states and the 
time duration of said output states being indicative 
of the position of the light source along said first 7o 
and second axes, respectively, when compared with 
a reference signal. 

2. A light detection system contained in a housing for 
determining the position of a light source about two axes 
of a space vehicle comprising: 

surface of said housing for focusing an image of said 
light source on said photomultiplier tube; mask 
means having an opening for permitting said light 
source image to reach said photomultiplier tube only 
over a predetermined area; and 

means for alternately allowing said light source to be 
blocked and passed to said photosensitive surface 
comprising a shutter having a trapezoidal shape in a 
plane parallel to that of said axes, said shutter being 
interposed between said optical system and mid light 
detector, means for oscillating said shutter along an 
axis of movement parallel to that of said parallel 
sides of said trapezoidal shutter and a resion 
which includes the area of said mask; 

the time change of said light detector from one output 
state to the other of said output states and the time 
duration of the output states being indicative of the 
position of the light source along said first and sec- 
ond axes, respectively, when compared with a ref- 
erence signal. 

4. A light detection system for determining the posi- 
tion of a light source about two axes of a space vehicle 

a light detector comprising a photomultiplier tube hav- 
ing a photosensitive surface, said light detector hav- 
ing two output states, the first state being an output 
pulse when said light source is detected by the photo- 
sensitive surface and the second output state being 
a lack of output signal when no light source is de- 
tected by said photosensitive surface; 

an optical system for focusing an image of said light 
source on said photomultiplier tube; mask means hav- 

65 compnising: 

75 
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ing an opening for permitting said light source image 
to reach said photomultiplier only over a predeter- 
mined area; and 

means for alternately allowing said light source to be 
blocked and passed to said photosensitive surface 5 
over time intervals determined by the location of said 
light source within the area of said mask means com- 
prising a shutter interposed between said optical sys- 
tem and said light detector having a variable width 
in a plane parallel to that of said axes, and means for 
oscillating said shutter over the area of said mask 
means opening whereby 

the time change of said light detector from one output 
state to the other of said output states and the time 
duration during which the variable width shutter 15 
blocks or allows the light source to pass to said light 
detector is indicative of the position of the light 
source along said first and second axes, respectively, 
when compared with a reference signal. 

5. A light detection system for determining the posi- 20 
tion of a light source about two axes of a space vehicle 
comprising: 

a light detector having two output states, the first state 
being an output pulse when said light source is de- 
tected, and the second output state being a lack of 26 
an output signal when no light is detected; 

an optical system for focusing an image of said light 
source on said light detector; and light detecting 
means for altering the time duration of said output 
pulses to be representative of the location of said 30 
light source including 

means for alternately allowing said light source to be 
blocked and pamed to said light detector comprising 
a shutter having a variable width shape in a plane 
parallel to that of said axes, said shutter being inter- 35 
posed between said optical system and said light de- 
tector, a mask having a rectangular opening inter- 
posed between said optical system and said light de- 
tector, and means for oscillating said shutter across 
said opening whereby 40 

the time change of said light detector from one output 
state to the other of said output states and the time 
duration of said output states are indicabive of the 

8 
position of the light source dong said first and sec- 
ond axes, respectively, when compared with a ref- 
erence signal. 

6. A light detection system for determining the posi- 
tion of a light source about a first and second axes of a 
space vehicle comprising: 

a light detector comprising a photomultiplier tube hav- 
ing a photosensitive surface, said light detector hav- 
ing two output states, the first state being an output 
pulse when said light source is detected by the photo- 
sensitive surface and the second output state behg 
a lack of output signal when no light source is de- 
tected by said photosensitive surface; 

an optical system for focusing an image of said light 
source on said photomultiplier tube; and 

means for blocking and passing said light source to said 
photosensitive surface for varying durations de- 
pendent upon the position of the light source along 
said first axis comprising a shutter having a variable 
width in a plane parallel to that of said first and 
second axes a mask with an opening therethrough 
having a constant width, and means for oscillating 
said shutter across the opening of said mask. 
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