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ABSTRACT 

* 

Four automatic scanning·telescopes currently provide small-angle forward
scattering data from the sun by measuring the wavelength dependence of the 
circumsolar and solar profiles. 

Intensity profiles of the sun and the solar aureole provide a means of 
characterizing the atmospheric aerosols.l,2,3 Under some circumstances these 
aerosols can cause a significant fraction of the solar flux to be deviated to 
angles of several degrees or more. Solar energy conversion techniques uti
lizing high concentration ratios, such as the Central Receiver concept, essen
tially collect only the direct sunlight. Pyrheliometers, the instruments 
normally used to estimate the direct solar radiation, typically have a field 
of view of 5-6°. The Pyrheliometer measurement includes a large po·rtion of 
the circumsolar radiation and thus overestimates the amount of direct sunlight 
that would be collected by a concentrating system. The detailed angular dis
tribution of the circumsolar radiation is important,' as it affects the radiant 
energy distribution on the surface of the receiver in solar thermal power plants. 
We have developed and built four similar instruments to measure the circumsolar 
radiation as well as other properties of sunlight, as part of the ERDA Solar 
Thermal Conversion program. The measurement will be used in performance cal
culations of solar power plants, and to determine under what conditions pyr
heliometer data are adequate for estimating this performance. Modeling of 
the aerosol scattering will be undertaken in an effort to understand and pre
dict circumsolar levels. 

The basic instrument that was designed and fabricated at LBL is illustrated 
in Fig. 1. It consists of a "scanning telescope" that is mounted on a preci-· 
sion solar tracker and a digital electronics control system. The design has 
been described in more detail elsewhere.4 The telescope is illustrated in 
Fig. 2. The basic optical eiement is an off-axis mirror of 7.5 em diameter 
and one meter focal length. A fused silica window protects the mirror from 
the environment. The mirror forms an image of the sun and adjacent sky on a 
plate off to the side of the incoming light. A small hole in this plate, the 
detector aperture, defines the angular resolution (1/20 the solar diameter), 
and the amount of light passing through the aperture into the detector assembly 
constitutes the fundamental measurement. In the detector assembly, the light 
is mechanically chopped, optically filtered, and focused onto a pyroelectric 
detector, a type of thermal detector. This detector was chosen for its uniform 
wavelength response in the .3 to 2.5 micrometer region and its wide dynamic 
range. 

The telescope scans through a 6° arc with the sun at the center, and mea
sures the brightness of the solar and circumsolar radiation as a function of 
angle. The instrument scans in declination, so that at sunrise and sunset it 
travels nearly parallel to the horizon,· and at noon it moves in a vertical 
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plane .. A number of precautions are taken to reduce the scattered light levels 
to less than lo-6 at 3°. This, in conjunction with a total dynamic range of 
107, effectively solves the problem of measuring the very large intensity 
differences between the sun and aureole region. 

Each scan takes one minute of time, with a digitization of the bright
ness every 1.5' of arc. Within .5° on either side of the sun, an aperture 
of size 1.5' of arc is used and outside this region the aperture is increased 
to 5' of arc. A set of measurements consists of one scan at each of ten 
"filter positions". There are eight optical filters that divide the solar 
spectrum into eight bands of roughly equal energy content, one open (or 
"clear") position, and one opaque position. The latter is used to monitor 
the detector noise. The absolute determination.of the normally incident flux 
(within 2.5° of the sun center) is provided by an active cavity radiometer.s 
This device is self-calibrating and has an accuracy of 0.5 percent. This 
pyrheliometer is provided with a set of filters that rotate sychronously 
with those on the scanning telescope. Thus an absolute calibration of the 
normally incident flux in combination with the detailed solar profile in 
eight wavelength bands provides enough information to determine both the 
atmospheric turbidity and the scattering phase function. 

A portable, prototype instrument has been making measurements at Ber
keley for some time and is scheduled to do so at a variety of geographical 
locations. Three additional "fixed-site" telescopes have been constructed; 
one is near the 5 megawatt (thermal) solar test facility, Albuquerque, N.M., 
a second is at the site of a total energy system pilot plant, Ft. Hood, Texas. 
The third, currently located at China Lake, Ca., will be located at the site 
of a 10 megawatt (electric) Central Receiver pilot plant. These latter tele
scopes are capable of unattended operation for up to a week, although they 
typically receive a daily inspection during the work week. During the night 
the solar trackers run backwards and automatically initiate operation at the 
beginning of each day. The data is recorded on magnetic tape and processed 
at the laboratory's computer center. 

Figure 3 is a computer-plotted graphical display for a scan using the 
clear filter from measurements made at China Lake, Ca. at 10:38 hours on 
July 30, 1976. The dots are the individual scan digitizations. The small, 
vertical arrows indicate the angles where the aperture was switched from 5' 
of arc to 1.5 1 of arc, and then back again. The computer code proceeds as 
follows. A search is made for the peak brightness point of the sun. The 
two "edges" of the sun are then empirically defined as the angles at.which 
the brightness is down by a factor of 30 from the peak. These edges are 
indicated by the two vertical, dotted lines. The center of the sun is then 
taken as the angle midway between the two edges, and is indicated by the 
solid vertical line. An effective radius is then defined as the true radius 
of the sun plus the radius of the detector aperture (0.8' of arc). The effec
tive radii are indicated by the solid vertical lines at the top and bottom of 
the graph, and are nearly coincident with the edges of the sun. The bright
ness is then integrated from the center of the sun to the effective radius to 
give the intensity of the direct solar radiation. and integrated from the effec
tive radius to the end of the scan to give the intensity of the circumsolar 
radiation. The ratio of circumsolar to solar radiation is given at the top of 
the graph (C/S:;;). Also indicated.is the normal incidence measurement provided 
by the pyrheliometer (NI=). This particular scan has a circumsolar to solar 
ratio of only .67%, and a normal incidence value of 795 watts/meter squared. 
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Figures 4. 5 and 6 illustrate ·measurements taken at China Lake during a time 
of unusually high turbidity. . The diagrams are similar to Fig. 3 but taken 
through band pass filters in three consecutive minutes later the same day. 
The pass bands of the filters are indicated above the graph. The data con
tains several interesting fea~ures. Note the rather severe limb darkening 
in the visible and violet scans in contrast to the nearly flat solar profile 
in the infrared scan. The circumsolar to solar ratios are approximately equal 
for all scans but the aureole profiles differ. Note in particular the symmet
rical shoulders that occur about 1 degree from sun center in both of the short
er wavelength scans. The shoulder appears less obvious in the long wavelength 
data. The clear filter data taken at 12:05 yielded a total solar flux of only 
600 watts/square meter, indicating a very high turbidity. The feature at 1 
degree would indicate the presence of large particles with a narrow size 
distribution. A scattering inversion program is being developed but is not 
yet available for aerosol modeling. These data represent an episode of high 
circumsolar levels of concern to solar energy conversion as well as an interest
ing study of aerosol scattering. 

The instruments produce a very large data base, (over 800 scans each day 
per telescope). Thus, the first priority in data management is to develop 
suitable cataloging techniques. Then statistics can be developed to identify 
various classes of days and aerosol modeling performed to identify seasonal 
or episodic variations of the circumsolar levels. The data will be augmented 
in late 1976 by the addition of automated weather instruments associated with 
each telescope. 

The excellent engineering and technical support of the Special Projects 
group at LBL has been vital to the success of this project. The able assis
tance of Stephen Kanzler in coping with the day-to-day problems of the pro
ject is gratefully acknowledged. We also thank the people at Albuquerque, 
Ft. Hood and China Lake, too many to mention, who have cooperated in setting 
up and running the telescopes at their respective locations. 
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