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1 Expected Detector Output

Ignoring atmospheric extinction, the magnitude of the signal from a photodiode at the focal plane
of the tracking telescope will depend on the intensity of the source, the range to the source, the
color of the source, and the effective aperture area of the telescope.

For an isotropic source of luminosity L0, the intensity is

J =
L0

4π

and the net flux into some solid angle Ω is just

F = JΩ

A telescope at a range R with aperture diameter d will subtend a solid angle

Ω =
πd2

4R2

so that the net flux captured by the telescope and deposited on a photodetector in the focal plane
is

F =
L0d

2

16R2

An alternative approach is to note that the illuminance at range R is

E =
L0

4πR2

and the area of the telescope aperture is A = πd2/4 so that

F = EA =
L0d

2

16R2

If the source concentrates its output into a hemisphere, then the intensity, illuminance, and
captured flux are all doubled for the same luminosity.

The photocurrent produced by the photodiode illuminated by the flux F is

Ip = kF

where k is the responsivity of the photodetector used. For typical silicon photodiodes, k ranges
from 0.1 to 0.5 over the range of wavelengths from visible through near IR. At 590 nm, the wave-
length we contemplate for initial testing, k = 0.3 A/W . Consequently the expected photocurrent
for an LED source will be

Ip =
kL0d

2

8R2
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For a 70 mm aperture telescope (such as the Mak500) at a range of 40 km, this figure evaluates
to

Ip = 115 fA perWatt

One Watt of luminous flux is quite a lot of power. For the initial testing we will use high-power
OPTEK OVFSAAC8 LEDs. These devices radiate more-or-less uniformly into a beam of 2π sr.
The particular devices we use emit amber light at 590 nm with a line halfwidth of 20 nm.

The data sheet for the LED does not give a radiant power figure, but rather specifies a luminous
flux of F0 = 7.5 lm at a typical operating point of 2 V forward voltage and 70 mA forward current.
Since the light is essentially monochromatic and the luminous efficiency at 590 nm is η = 0.757,
the radiant power output per LED in the band of interest is

L0 =
F0

683 η
= 15 mW

and the radiant intensity per LED is

J =
F0

2π 683 η
= 2.3 mW/sr

At a range of R = 40 km, this intensity casts an illuminance of

E =
L0

2πR2
= 1.4× 10−12 W/m2

A telescope of aperture d will capture a total flux of

F =
L0d

2

8R2
= 5.6× 10−15 W

delivered to the photodiode. The resulting photocurrent is

Ip = kF = 1.7 fA

We contemplate making the source a bank of four of these LEDs, so these values can all be
multiplied by four. The actual expected luminosity from a bank of four LEDs is L0 = 58 mW,
giving a photocurrent of Ip = 6 fA. If we can track accurately enough to use the LX200 and its
200 mm aperture (of which about 80% is clear) the expected photocurrent will be about 40 fA.

Be afraid. Be very afraid.
Since the source will resemble a star, it is interesting to ask its visual magnitude. The visual

magnitude of a source of visual luminosity L at a range R is

m = −m� − 2.5 log

[
P0

P�

(
R�
R

)2
]

where m� = −26.73, L� = 5.38×1025 W , and R� = 1.50×1011 m. Note that the luminosity figure
for the sun is its visual luminosity, which is given by its bolometric luminosity (3.846× 1026 W )
times a luminous efficiency of 14%.
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A watt of isotropic luminosity at 40 km works out to

m1 = 4.7

If the watt of luminosity is concentrated into 2π then

m1 = 4.0

which is faint, but visible.
For the case of a bank of four LEDs radiating 58 mW into 2π,

mLED = 7.1

which is too faint to see with the naked eye.

2 Detection Methods

Detecting a photo current in the femptoAmp range with a bandwidth of hundreds of Hertz is
extremely challenging. Assuming a 100 Hz switching rate, the charge transferred each cycle is

Q = Ip∆t

If a phase-locked detector can feed the charge each cycle to an integrator with a capacitance C,
the total integration time to achieve an output voltage V is

∆t = 2
CV

Ip

where the factor of two comes from the 50% duty cycle. For a 1 nF capacitor and photocurrent
of 5 fA, we can develop a 1 mV signal in an integration time of 200 sec. The good news is that
that amount of time will also serve to average out motion-induced signal fluctuations. The bad
news is that 1 mV is still a small voltage to measure accurately. Moving up to 1-W class sources
and a 1-meter class telescope, though, the photocurrent increases to picoAmps. That same 200
seconds of integration time will yield a signal of 1 V at 10 pA.

Achieving phase lock at a distance with these signal levels presents a challenge, but we could
use a CCD to monitor the source and provide phase information to lock the detector.

3 Current Efforts

The current effort to launch a bank of LEDs on Greencube-3 and derive a signal of usable am-
plitude seems doomed to failure over any but very short ranges. Nevertheless, the idea that we
can successfully track a mag-4 source using a modest telescope and a CCD camera seems very
realistic. A 10 fA current corresponds to 62,000 electrons/sec. At a 100 Hz chopping rate, that’s
300 electrons per cycle–visible in a CCD camera.

It might be useful to experiment with increasing the LED forward current by a factor of ten
while reducing the duty cycle by a similar factor. Such a strategy might shorten the life expectancy
of the LEDs, but they only need to live a few hours to serve our purposes. A “strobing” source
will be easier to detect with the video telescope, allowing us to concentrate on learning the tricks
of tracking. The tricks of phase lock detection can be worked out in the lab.
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