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Most measurements of solar radiation and atmospheric absorp
tion by means of balloon-borne equipment end at about 30 km of 
altitude. The distribution of atmospheric constituents above 
that altitude is quite poorly known; yet it is of considerable 
importance in making any calculations on the chemistry of the 
mesosphere which begins at about 50 km. If altitudes higher 
than 30 km are desired, the payload that can be carried aloft 
by the balloon must be drastically reduced. In order to go 
higher, we decided to build a system which substituted a dif
fusing sphere for the conventional sun pointer, and a set of inter
ference filters for the spectrometer. The system was designed to 
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Fig. 1. Optical and mechanical components of the diffusing 
system: (1) diffusing dome, (2) reflecting hemisphere, (3) phasing 
system, (4) chopper and motor, (5) water drying container, (6) 
preamplifier, (7) detector, (8) filter wheel and motor, and (9) 

reflecting cone. 

measure the absorption of the minor atmospheric constituents 
as the sun set and passed below the horizon. 

A diagram is shown in Fig. 1. The light from the sun at near 
horizontal angles strikes the reflecting cone and is reflected down 
on the diffusing dome. This light plus the sunlight hitting the 
diffusing dome is then scattered into the detection system. The 
diffusing dome, made of calcium aluminate glass, was ground 
with 220 carborundum and had a useful transmission from 0.3-
5.5 µ. Tests showed that the intensity of the light incident at 
horizontal angles and scattered into the detector is diminished 
by approximately a factor of 100 over light incident at normal 
angles. For this reason the reflecting cone made of polished 
sheet aluminum was added. I t improved the signal-to-noise 
ratio by more than an order of magnitude. In addition it served 
to hide the balloon from direct view of the diffuser. A reflecting 
hemisphere of plexiglas, aluminized on the interior, was used to 
reflect light back to the diffusing surface, where it is scattered a 
second time. 

The light was chopped at 400 c/s by a disk with eight slots and 
a synchronous 50 c/s chopping motor. The motor was driven by 
a power amplifier consuming 33 W, the frequency being regulated 
by a quartz oscillator and a divider circuit. The filter wheel had 
positions for six filters, and one revolution took 90 sec so that 
each filter stayed in place for 15 sec. The changing of the filters 
was accomplished by a simple cam and spring mechanism. The 
optical zero was obtained from an opaque sector on the filter 
wheel, which cut off the radiation above the chopper. The other 
five filters were narrow bandpass interference filters in the 
range from 2.5–4.3 µ and having a half width of about 0.10 µ. 

The electrical signal from the detector was amplified by a pre
amplifier of gain 7200 and a phase sensitive synchronous amplifier 
rectifier. Care was taken to shield all the cables, batteries, 
motors, and electronic components. A small light bulb and 
phototransistor, that could be rotated through 45°, provided 
the reference signal for the phase sensitive amplifier. An auto
matic range switching system with variable gains of 3.1, 13.1, 
and 52.3 was included to increase the dynamic range of the F M 
telemetry system. 

The gondola with the telemetry transmitter weighed 43 kg. 
A first launching to test the equipment was made in October 
1966 at Air sur l'Adour, France. I t was made with a medium 
sized 20-µ polyethylene balloon of the French type description 
20P4 and of 38,000 m3 fully extended volume. I t reached an 
altitude of about 37 km. Owing to a shift in the optical zero, 
the data from the different interference filters could not be 
quantitatively analyzed for the abundance of the atmospheric 
constituents. 

For all the drawbacks inherent in a diffusing system, the 
apparatus worked remarkably well. The intensity problem for 
low solar angles was largely overcome by the reflecting cone. 
A signal-to-noise ratio of more than 100:1 was achieved with 
the filter at 3.65 µ (in an atmospheric window) and a bandpass of 
0.3 c/s. However, a limitation of the system is the selfradiation 
of the diffusing dome and reflecting cone in the ir. This radia
tion is being chopped and therefore detected by the electronics. 
Thus at 4 µ and 300 °K the selfradiation was calculated to be 
about one tenth of the solar intensity. At lower temperatures 
and lower wavelengths this ratio becomes, of course, quite small. 
The lowest temperature of the cone measured during the flight 
was - 5 5 ° C at 12 km of height and the highest temperature of 
36°C occurred about half an hour after reaching the ceiling of 37 
km. 

One can conclude that the system shows good promise for 
use with a spectrometer instead of the rather primitive inter
ference filters. A planned 40-cm ƒ/6 Fastie-Ebert spectrometer 
could be used at a resolution of 0.01 µ with a reduction of in
tensity at the detector of about 100. This factor could cer
tainly be regained by cooling the detector, or changing to a more 
sensitive PbS detector for shorter wavelengths. 
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