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Introduction
• Traditional remote methods like satellite imagery of 

measuring clouds are limited since they only image 
lower or upper edges of cloud layers.

• None of the cloud and circulation model assumptions 
can be resolved by remote sensing observations, as 
thick cloud layers obscure the deeper dynamics, 
atmospheric temperature, and chemical 
interactions(Fig.1).

• In situ measurements of Saturn’s cloud properties 
and dynamics can provide ground truth to cloud 
models and global climate simulations.

Future Plans
• A simple cavity particle counter from Teilch Optical

Instruments (TOI) has also been procured, will be used to
cross calibrate the laser nephelometer.

• An improved flow chamber is ready for further testing, which
includes a UV silica window for better precision. (Fig. 4).

• We are working with TOI to evaluate the inclusion of their UV-
Cavity single-particle sensor into the nephelometer design, to
complement the ranged backscatter approach.

• A balloon test flight with an integrated engineering unit is
planned, bringing the instrument to TRL 5.

Figure 4: Testing with 785 nm laser with silica window into 
particle chamber S1, shown by arrow at the back of the 
enclosure. 

Figure 3: Laser nephelometer prototype in test chamber.
Two circuit boards indicated (in green) show the laser
and the pick-up sensor. Each laser is split (at a 30:70
ratio) with the lower power beam, B1 being read by one
of two diodes as a reference, while the other beam B2,
exits a silica window, S1 (shown in Fig. 4). Backscattered
light from sample particles outside this window is read by
another set of diode sensors. The active laser sensing
works independent of lighting conditions at the probe
descent location.

Nephelometer
• A new nephelometer Engineering Development Unit

(EDU) derived from the Galileo version has been
prototyped (Fig. 2); the design benefits from lower
volume and increased power efficiencies of near infrared
diode lasers (Table 1).

• Using two wavelengths (allows measuring particle size
distribution. Two near IR (NIR) lasers (785 and 1550 nm)
with 0.15 W output are used, with a receiving diode
sensor and a laser output energy pickoff sensor (Fig. 3).

• Typical cloud particle sizes in the upper troposphere of
Saturn and below are >1.5 um. Number density range
from ~106/m3 in tropospheric hazes to ~109/m3 in a thick
water condensation cloud.

• The addition of short wavelength filters on the detectors
provides a measure of cloud particle single-scattering
albedo and Rayleigh scattering.

Comparison Galileo  vs. Nephelometer
Mass (kg) 4.4 1.7
Power (W) 11.3 1.5 
Size (cm3) 5700 1000 

Figure 2: Exterior of enclosed test chamber with 
nephelometer as shown on the optical table. 
Particle flow tube is the clear loop entering and 
exiting the dark box. 
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Table 1: Comparison of specifications between the Galileo 
Nephelometer instrument (Ragent et al., 1992) and the new 
nephelometer EDU being developed  at Ames. 

Figure 1 : Nephelometer would bridge the gaps in our
knowledge about Saturn’s weather layer by connecting 
remote cloud top appearance (<~1 bar) to in situ 
measurement of atmospheric properties(0.2 to 10 
bars). 


