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ABSTRACT

The ultra-violet pyranometer described is
a normal meteorological network instrument
modified by fitting a thick (8 mm)hemispherical
glass ultra-violet filter in place of the usual
hemispherical glass domes. The incident rad-
jation is ''chopped'' to eliminate the effects of
heat developed in the filter, which otherwise
would give rise to spurious signals.

INTRODUCTION

Ultra-violet radiation, which for the present purpose may be taken as

" that part of the sun's radiation of wavelength less than 385 nanometer (nm), is an
.important though quantitatively small fraction of the sun's total emission reaching
the earth's surface. Exposure to ultra-violet radiation causes biological changes
leading to sunburn and skin cancer as well as vitamin D production for example, and
chemical changes which result in degradation of paints, plastics and other materials.
For studies of these effects the most useful radiation parameter to measure is
global radiation or total UV radiation from sun and sky on a horizontal surface.
The present instrument measures this quantity by separating the required wavelength
band using glass filters fitted to a normal meteorological pyranometer.

DESCRIPTION OF THE ULTRA-VIOLET PYRANOMETER

Separation of the ultra-violet energy is conveniently achieved by using
a UV transmitting glass filter such as the UG 11 made by Schott and Genossen in
Germany. The glass is supplied in cylindrical blocks from which optically true
~hemispheres are ground. It has a pass band centred on 325 nm, and a small
secondary pass band on the near infrared (about 700 nm). As the incident radiation
is much greater over the IR passband thanfor the UV passband, the resultant error
cannot be neglected when thin(2 mm) filters are used. Marchgraber .and Armstrong
(1962) therefore employed the differential method with two pyranometers, but this
‘Tequires the two. instruments to be perfectly matched both electrically and thermally.
An alternative, adopted in the present instrumeént;” i§ to use-a thick (8 mm) UG 11
outer hemisphere for which the infra-red transmittance is less than 1/1000 of the UV
transmittance and hence can be neglected. The UV pass band is narrowed slightly by
use of the thicker filter but this is not a serious disadvantage.
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In principle the detector used with the glass filter could be either photo-
metric or thermal. . The former has the advantage of high sensitivity but is spectrally
selective. Thermal detectors (bolometers or thermopiles) have a response independent
of wavelength of “the incident radiation but their sensitivity is generally low.

. In the present equipment it was convenient to employ a Kipp and Zonen
pyranometer such as is frequently used in meteorological radiation networks. It has

a Moll-Gorczynski thermopile having a low temperature coefficient (less than 0.2% c
good cosine response, and short time constant. These pyranometers are normally
fitted with two 2 mm thick glass hemispheres of 50 and 30 mm diameter respectively,
fixed to separate screwed mounting rings. To modify the pyranometer for UV
measuréments a new hemisphere mounting ring was made which carried both the outer
50 mm diameter UG 11 filter (8 mm thick) and an inner 30 mm diameter WGI10

filter (2 mm thick) to block direct long wave infrared radiation emitted by the

UG 11 fileer.

]

This method of measuring ultraviolet radiation has the disadvantage
that as only about 5% of the incident radiation is passed by the filter, the remainder
must be either reflected or absorbed. Thus an appreciable amount of heat is
generated in'the filter and can be conducted to the thermopile. This effect is shown’
by subjecting the pyranometer to a step function increase in solar radiation. The
output (Fig 1) rises rapidly in accordance with the known time constant of the
thermopile, but subsequently a:slow increase of comparable size is observed, due
to the transfer of heat from the filter. Similarly a step function reduction in padiation
gives a rapid fall in output followed by a slower decrease as the heat in the filter is

dissipated.
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Fig'. 1. Response of ultra-violet pyranometer to step function increase and decrease of radiation.-
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Evidently the errors introduced thus will be large when the radiation is
varying, and are themselves variable due to changes in external cooling by changes in
wind speed and ambient air temperature. It has been found possible to eliminate this
effect by ""chopping" the incoming radiation at a frequency of 1 cycle per 2 min, and
recording the pyranometer output on a strip chart recorder (Fig 2). The amplitude
of the alternating output is then proportional to the magnitude of the global ultra-violet
radiation. The variations in absolute level resulting from changes in the rate of heat
transfer from the filter can be ignored. To obtain, for example, the means of hourly
radiation intensity, the areas enclosed by relevant sections of the envelope are
measured by a planimeter.
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As shown in Fig 3 and 4 the radiation is chopped by a cam operated
hemispherical cover which alternately exposes and shields the pyranometer for one
minute.

CALIBRATION

It was first necessary to establish the "filter factor" (or reciprocal of
the mean transmittance) for the waveband being measured. This was calculated from
the measured transmittance curve and the spectral distribution of the incident radiation
using the method described by Marchgraber and Armstrong (1962). If I(}) is the
spectral distribution of radiation intensity and T(A) the transmittance function of the
filter

F. F. = )\2
./ I(A)T (A )dA
A
and the mean transmittan E‘ N
¢ ce = F.F.

The transmittance function T()) of the filter used was measured on a
Beckman DK 2 spectrophotometer and I()) for four different air masses was obtained
from data by Bener (1967). These are shown in Fig 5.

The mean transmittance was then evaluated for each of these air masses
so that a transmittance/airmass curve could be drawn (Fig 6). From this appropriate
transmittances for any air mass could be obtained by interpolation. The filter, in
common with all broad band coloured glass filters,does not have a uniform transmittance
over the band. The ideal "square' transmittance curve is more nearly achieved with
flat, narrow band interference filters but these are suitable only for measurements of
direct radiation.

The instrument was then calibrated on a cloudless day using the normal
occulting technique. A pair of filters identical to those fitted to the pyranometer,
except that they were flat and not hemispherical, were fitted to a Linke-Fuessner
pyrheliometer. Using the known sensitivity of the Linke-Feussner and the filter
transmittance appropriate to the air mass at the time, the direct beam ultra-violet
radiation was evaluated. By alternately shading and unshading the pyranometer the
amplitude “of the output signal in each condition was obtained. The difference between
these two amplitudes was then related to the direct beam ultra-violet to give the
pyranometer sensitivity.

RESULTS

The variation in cooling of the outer hemisphere due to changes in wind
speed and external air temperature sometimes causes the absolute level of the output
signal to be sufficiently variable to preclude accurate integration by planimeter over
periods shorter than one hour. This is an acceptable limitation for normal meteor-
ological records as hourly means are usually required. Comparison with results
obtained using the differential method with 2 mm f{ilters gives satisfactory agreement.
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Fig. 3 Ultra—violet pyranometer







