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ABSTRACT
A simple absorption meter has been built, by using an interference filter, which compares the
intensity of incident light in a water-vapor absorption band and in a nearby "window" band.
Experiments with the instrument show that it is sensitive to small differences in absorption not
only from a direct sunbeam but also from diffuse light scattered by the sky or reflected from
clouds. Further observations on clouds are suggested as perhaps being capable of useful
interpretation.

1. Introduction
Weather forecasts desired for a rainfall-stimulation project being carried out for the past ten years
in northern Peru have long presented a difficult
problem because of the scarcity of surface weather
observations over the Amazon watershed to the
eastward and the complete lack of upper-air data
except from a few stations along the west coast
of South America. In an effort to compensate for
these lacks, we have experimented with various
unusual means of discerning large-scale weather
changes.
An earlier study of the occurrence of rainfall
in this region [1] indicated that the moistness of
the high-level easterly current crossing the Andes
from the Amazon basin plays an important part
in the development of local rains over and to the
west of the continental divide. Since an observatory has been established on the divide, at an elevation of about 4100 m, it was decided to experiment with absorption of infra-red from the sunbeam reaching this point as a means of indicating
changes in the moistness of the high easterlies.
2. Principles of operation
The principles on which the infra-red vapor meter is based are described in texts on physical meteorology such as that by Johnson [2], and the application of the principles has been explained by
Foster and Foskett [3]. Briefly, atmospheric absorption of sunlight in certain spectral bands is
determined almost entirely by the number and
strength of the water-vapor absorption lines
within these bands, while there are other nearby
bands in which the water-vapor absorption is much

weaker and there is not significant absorption by
other variable constituents of the atmosphere. The
relative intensity of a sunbeam in two such spectral
bands is a measure of the quantity of water vapor
through which the sunbeam has passed.
For our instrument, the spectral bands selected
were one in the vicinity of the rho band of watervapor absorption at 0.934 microns, and a reference band in a nearby "window" at 1.010 microns.
An interference-type filter was used, made up of
several thin films of partially-reflective material
separated by layers of transparent material, with
a gelatine filter to block out unwanted submultiples
of the fundamental wavelength. The pass-band
wavelength of such a filter is a function of the
angle at which the light beam passes through it.
The filter can therefore be "tuned" from the absorption band to the window and back by varying
its angle of tilt with respect to the sunbeam.
3. Description of the instrument
The detector of the vapor meter is an interference-type filter with a pass-band width of approximately 0.050 microns centered (at normal incidence) at 0.925 microns and mounted on the face
of a SiN photocell. These are housed within a
brass tube 65 mm in diam which can be pointed
at the sun, and they are mounted on a trunnion
across the tube, the axle being brought out to one
side where an index arm and protractor are
mounted so that the angle of tilt between the axis
of the tube and the axis of the filter can be adjusted and measured (see fig. 1). A diaphragm
of 20-mm aperture at the front of the housing, 87
mm from the filter, limits its angle of view, while
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Precipitable water-vapor meter.

a diaphragm of 15-mm diameter fixed to the face
of the filter delineates the entering beam. A small
hole in an ear beside the front of the housing allows a spot of sunlight to fall on a similar ear at
the back, on which a fiducial mark is placed for
aligning the instrument on the sun.
The mounting consists of a horizontal plate
equipped with leveling screws to which is hinged
a second plate that can be clamped at an angle
corresponding to the colatitude of the observatory.
On this plate, which represents the equatorial
plane of the earth, is mounted a panoramic head
from a camera tripod. Tilting the tripod head allows adjustment for the declination of the sun,
which can then be tracked across the sky by simple
rotation of the head. A float-type inclinometer set
on top of the instrument serves to measure the
zenith angle of its axis.
The photocell is connected directly to a mirrortype galvanometer having a scale length of 200 mm
and a sensitivity of 4 X 10"9 amperes per mm.
The galvanometer contains a shunting switch
which allows use at 1/10 and 1/100 of full sensitivity. The least sensitive setting was found appropriate when using the sun as the light source.
The only external power required is 4 v for the

galvanometer light, supplied by three Xo. 6 dry
cells.
4. Experiments with the instrument
For the intended use of the meter, only relative
indications of water-vapor amount are necessary,
and therefore no attempt has yet been made to
calibrate the instrument but only to explore its
range of sensitivity.
Preliminary experiments showed that, conveniently, both the maximum output of the photocell and the maximum exclusion of the water-vapor
absorption bands occurred with the filter tilted at
an angle of 40 deg from normal to the sunbeam,
while zero tilt of the filter corresponded to very
nearly the maximum water-vapor absorption
within the band that it passed. Subsequent observations were therefore made by reading the
photocell output alternately at 0 deg and 40 deg
tilt, completing a series of seven readings in about
40 sec. The ratio R between output at the two settings, measured in this way, was found reproducible within about 4 parts in 1000, even when illumination conditions were changing rapidly.
Since the experiments so far made were limited
to December in New England, when high vapor
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Dec.
Dec.
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Dec.
Dec.
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1. Comparative observations on various light sources.

Time

Object

Angle of
elevation

R—ratio of max
to min intensity

1130E
1133E
1134E
1130E
1131E
1131E
1415E
0900E
0910E
0911E
0911E
0911E
1310E
1313E
1315E
0915E
0916E
0917E

Sun
Sunlit side of large Cu estimated 15 km away
Patch of blue sky
Nearly uniform As cloud, viewed toward eastern horizon
Same, overhead
Same, near western horizon
Same, toward the sun (cloud becoming thinner)
Sun (very clear, dry day)
Sky near eastern horizon
Sky near sun
Sky 30° west of sun
Sky overhead
Sun unobstructed
Sun through thin Ci, brightness diminished 15%
Patch of dense Ci in front of sun
Sun
Sky 90° from sun, filter tilt normal to sun
Sky 90° from sun, filter tilt in plane of sun

28°
12°
12°
9°
90°
15°
18°
21°
10°
23°
23°
90°
24°
24°
24°
21°
10°
10°

1.33
2.22
2.46
2.28
1.52
1.83
1.58
1.26
1.57
1.45
1.56
Indeterminate
1.29
1.32
1.61
1.50
1.85
1.68

content is seldom compatible with clear sky, the
differences in vapor content in the sunbeam have
been restricted mostly to the difference between a
low sun and a very low sun. However, in daily
readings taken at local noon, with the sun at an
elevation of about 30 deg, R ranged from 1.27 to
1.43, while ratios as high as 1.77 were measured
with the sun ten degrees from the horizon. From
these preliminary observations, therefore, it appears that the range of sensitivity is adequate for
dry-air-mass conditions at all times when the sun
is more than a few degrees above the horizon and,
for moist conditions, at least when the sun is high.
In the course of these trials, we soon realized
that the instrument was sensitive enough to yield
an indication from diffuse light sources such as
clouds and even blue sky. A number of such observations are summarized in table 1.
The extremely small intensity of infra-red radiation from the clear overhead sky on 9 December
was noteworthy; the intensity in the absorption
band was too small to measure, and the intensity
in the "window" was less than 5 per cent of the
intensity measured near the horizon.
The last pair of measurements appear to indicate that the tilted filter acts at least partially as
a polarizer. An attempt was made to check this
suggestion by placing a similar filter, tilted at the

same angle, over the aperture of the instrument,
then rotating this second filter through 90 deg
about the axis of the sunbeam, but only a very
slight reduction of intensity was observed as the
planes of tilt crossed. No effects of polarization
could be detected by observations on clouds.
5. Envoi
Because of the simplicity and low cost of this
instrument, and because of its sensitivity to diffuse
daylight as well as to a direct sunbeam, it appears
suitable as a field device for obtaining some information not available from the usual observations
at the ground. In particular, if surveys of the sky
on cloudy days reveal distinct variations in the
ratio between in-band and out-of-band infra-red
intensity, a more thorough analysis and interpretation of the observations might prove worthwhile
in yielding information about the upper air.
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