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Fig. 5-Flow diagram of expe rimental arrangement. 

raster with the number of lines variable up to 2048. 
The raster generator simultaneously scans both 
the SEC tube and a display monitor. Output from 
the tube is displayed by using the video signal to 
modulate the electron beam gun of the display 
monitor. 

The normal mode of operation is as follows. The 
target of the SEC tube is brought to cathode 
potential by the sweeping electron beam, prepar
mg the tube for exposure. The electron beam is 
then turned off and the deflection voltages are 
returned to voltages such that the electron beam 
will begin the proper raster scan. The camera is 
now exposed to light for a duration of up to 100 
seconds. At the end of an exposure, the image 
information stored on the SEC target is read out 

a single scan of the target and simultaneously 
dIsplayed on a monitor. An oscilloscope camera 
whose exposure is synchronized to the single scan 
makes a permanent record of the image informa
tion. More than 90% of the information is read 
out in a single frame . 

An alternate mode of operation is used when 
continuous motion must be observed. In this mode, 
the SEC tube is continuously exposed to light and 
is continuously scanned. Effective integration time 
is then identical to the frame time. Scan time is 
usually set in the order of 30ms. This mode is most 
useful in applications in which a continuous 
display of information is desirable, but is generally 
not as useful for sensitive astronomical appli
cations, because of the necessarily short integration 
time. 

With the aid of test patterns and the light-pipe 
assembly shown in Fig. 4, the performance of the 
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SEC tube has been measured under a variety of 
conditions. The limiting resolution (10% modu
lation) has been measured at about 12 line pairsl 
mm, or 480 lines across its 20-mm diameter. The 
tube can linearly integrate incident energy for 
times up to 100 seconds. This maximum permis
sible integration time corresponds roughly to the 
time that it takes background emissions from the 
photocathode to occupy an appreciable fraction of 
the information capacity of the SEC target. It is 
probable that cooling the camera would increase 
its maximum integration capability by minimizing 
background emission. Also, a more complex mode 
of operation in which, for example, the tube 
filament is turned off during exposure, might in
crease integration time. Such procedures have 
proven advantageous in the operation of the image 
orthicon. 

Field Evaluation of the SEC Camera 

The SEC tube has been mechanically coupled 
to a number of different lenses for field evaluation. 
It has been mated, for example, to a 76-mm focal
length f/0 .8 lens resulting in a field-of-view of 
about 20 degrees , as well as to a 12S0-mm filS 
catadioptric lens designed and built by R . Hires 
of APL. Some field testing has been conducted at 
night adjacent to the 60-ft. radio antenna at APL, 
but with only limited success . Scattered light from 
the local building complex limits exposure times to 
only five seconds with the catadioptric lens before 
the foreground illumination becomes overwhelming. 
Such an exposure allows detection of at least 6th 
magnitude stars, which is about equivalent to the 
limit of the unaided human eye on a clear night. 

A slightly more satisfactory site has been found 
about one mile to the north of the main building 
complex. There the absence of the local lighting 
allows about twice the exposure time, and the 
76-mm lens , operating with a two-inch aperture, 
limits between a 7th and 8th stellar magnitude. 

76mm F.L. LENS 

Fig. 6-Exposed view of SEC camera. 
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Figure 6 shows an exposed view of the camera 
head with the 76-mm lens. Figure 7 is a Polaroid 
photograph of a portion of the constellation Ursa 
Major taken by the SEC camera under the above 
conditions. Also shown is the corresponding 
section of the Becvar Star Atlas . Stars of magni
tude 7 are clearly visible. 

Sky background unfortunately prevents exposures 
with the camera of more than about ten seconds in 
the Washington-Baltimore corridor. Figure 8 
illustrates the potential performance of the camera 
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Fig. 7-The SEC camera in a star-mapping application. 
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Fig. 8-Limiting sensitivity of the SEC camera. 
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in cases where exposure time is determined only by 
the properties of the camera tube itself. This would 
be the case, for example, in a satellite star-mapper 
application. The graph shows limiting sensitivity of 
the SEC camera as a function of integration time 
and lens diameter. Performance of both an SEC 
camera and an intensifier-SEC camera is shown in 
each of two modes . Two curves (nonsensitive 
modes) represent camera performance as it has 
been verified experimentally at APL and the 
improvement that could be expected by simply 
mating an image intensifier to the SEC tube. An 
improvement in sensitivity of an additional factor 
of 10 has been described in the literature3 in which 
the SEC target voltage is increased by about two 
volts between exposure and read-out. Combined 
with an increased target voltage, this method can 
yield an additional order of magnitude (or 2.5 
stellar magnitudes) sensitivity improvement. This 
mode is shown in the remaining two curves. 

The addition of an image intensifier cannot 
extend the ultimate detection threshold of the SEC 
camera. If exposure time is not a restriction, the 
threshold is reached when the background emission 
from the S-20 photocathode occupies a significant 
portion of the information capacity of the SEC 
target. The addition of an intensifier will increase 
the rate of information collection, but it will.de
crease the information saturation time by the same 
factor. The real advantage of an intensifier is in 
applications where short exposure time is a strict 
boundary condition, as , for instance, in a real-time 
continuous-scan mode of operation. 

An SEC camera has received consideration for 
several satellite applications at the Applied Physics 
Laboratory. Used in conjunction with a photomulti
plier, an SEC camera has been proposed for 
accurate attitude determination on the NASA 
Auroral Studies Satellite and on some of the Small 
Astronomy Satellites. Star mapping can be a very 
accurate way of determining the three body axes 
of a satellite. The accuracy is a function of the 
number of stars in the camera field-of-view which, 
in turn, is a function of the camera sensitivity. The 
SEC-photomultiplier measurement system is 
expected to permit attitude determination to ten 
seconds of arc. 
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