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A New Device for Atmospheric Transmission
Measurements

An extinctionmeter, designed for continuous measurements of the atmospheric transmission and meteoroiogicai visibility
aiong the horizonta) optica) path, is described. The setup consist of a transmitter—receiver unit, eiectronic data processing
unit, a write recorder (p)otter) and a reflector. The extinctionmeter is intended to work in meteoroiogicai stations, airports, etc.

The range of meteoroiogicai visibility (which
will be refered to as visibility) is a way of expre-
ssing the atmospheric transmission by the distance
at which a black body, of angular dimensions not
less then 0.3° when observed horizon level against
the sky, becomes invisible due to actual atmosp-
heric conditions.

The measurements of the range of meteorolo-
gical visibility have been the problem studied since
the begining of this century. So far, hovewer, no
satisfactory results have been obtained, and the
studies are still continued. At present the investi-
gations carried out are dealing with theoretical
aspect of this problem, the improvement in the
method of measurements as well as the construc-
tion of better and more accurate instruments.
The methods of visibility measurements may be
either subjective or objective ones. Consequently,
they may be divided in two groups:

1. Subjective methods, i.e. optical measurements
taken either with unaided eye or with special de-
vices, performed at day time, exclusively. These
measurements cannot be automatized;

2. Objective methods, i.e. photometric measu-
rements which may be automatized and performed
for twenty four hours. To introduce photometric
methods an equivalent notion of visibility had to be
defined, namely that a parallel light beam running
along the distance equal to day light visibility of
objects is damped 20 X.

To perform photometric measurements the tran-
smitter emitting a parallel light beam of the intensity
Co should be placed at the distance T from the re-
ceiver which takes in the beam of the intensity
(attenuated by the atmosphere). The visibility is ob-
tained from the formula
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For practical reasons it is convenient to apply
a measuring equippment consisting of a transmitter-
-receiver unit and a mirror (corner prism) which
is placed at a distance L. A common housing of
the transmitter and receiver simplifies both construc-
tion and alignment, and enables to apply additional
devices. A model of extinctionmeter designed and
constructed in the Institute of Quantum Electronics,
Miiitary Technical Academy in Warsaw, is a pho-
tometric device for measuring the extinction co-
efficient and the associated visibility.

Fig. 1 presents the optical scheme of the extin-
ctionmeter. An incadescent lamp 7 emits radiation
from which two beams are selected: the working

Fig. I. Optica] system of the extinctionmeter

IF and the reference 7? ones. Both beams are suc-
cessively switched by a chooper system 2 with the
frequency 50 Hz, each of them being additionally
modulated with the frequency 1000 Hz (intensity
modulation). This modulation is realized by chop-
pers of a special comb design. Fig. 2a presents one
of the choppers. The other one is shifted around
the rotation axis by 180° with respect to the first
chopper.
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This system allows either working or refe-
rence beam to emerge in turn from the illu-
minator, in form of 10-pulse train during the
rotation of the chopper set. (Fig 2b).

Fig. 2a. Chopper
Fig. 2b, ¢, d. Signai shapes at the photodetector output

The working beam Ne is coiiimated by the objec-
tive 3, it passes through the atmosphere then re-
jected by the corner prism 4 (placed at the distance
of about 150 m) it turns back to the receiver and
is focused by the objective 5 on the held-aperture d.
The field-diaphragm d stops the radiation scattered
by the objects being positioned in the vicinity
of the corner prism. The corner prism is located
against the black back-ground in order to additio-
nally diminish the back-ground effect. The wor-
king beam IF — after having beem rejected by the
mirror 7 — falls onto a photodetector 77. This
beam carries information on the atmosphere atte-
nuation.

The reference beam 7! is collimated by the lens
72 and directed to the photodetector 77 by means
of mirrors 3, 9, 70. The reference beam carries in-
formation on the emitted beam intensity.

The jlters 73 are used to correct the product
of the spectral dispersion of the incadescent lamp
radiation, and the spectral sensitivity of the pho-
todetector, so that the obtained sensitivity curve
be similar to the spectral sensitivity of the average
observer's eye. By placing narrow-band interference
jlters in front of the photodetector, the respective
monochromatic coefficients of extinction may be
measured. A further signal processing is performed
in the electronic system. Its task is to transform
the electronic signal from the photodetector output
into a corresponding visibility measure; the latter
being recorded on the plotter tape as a function
of time. Fig. 3 presents a block diagram of the elec-
tronic circuit of the extinctionmeter.

The IF and 7! light signals are detected on the
photodetector surface consecutively: on the IF (73)
and 7 (76) synchronizers only 7? and IF signals are
detected, respectively (Fig. 1). The synchronizers are
non-linear photodetectors, their output voltage am-
plitude is constant and independent of the light signal
value. The synchronizers are connected with the
suitable synchronous detectors.

On the other hand, the photodetector is con-
nected with the input of a logarithmic amplifier,
which assures the 40-60 dB dynamic range. The
signal from the output of the logarithmic ampliher
is transferred to two synchronous detectors, which
are controlled by synchronizers IF and 7? respecti-
vely. A detection of the signal is possible if and
only if the respective synchronizer opens the voltage
gate. Such a gate is produced when the synchronizer
is illuminated.

The 10-pulse working and reference trains are
time-shifted with respect to each other (Fig. 2b).
To perform the substraction operation the incoming
pulses are transformed into d.c. voltage equal to
the peak voltages, and then applied to a differential
ampliher, of amplihcation factor equal to unity.

Fig. 3. Bfock diagram of the eiectronic system
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The amplifier output voltage is given by the
formula

yu, = X (2

The signal from the amplifier output is applied
to the recorder input via a matching circuit.

The constants A, and depend on the amplifier
circut and optical system parameters as well as on
certain physical magnitudes. For a definite value
of A. obtained by an appropriate selection of cir-
cuit parameters the numerical coefficients in (1)
and (2) become identical.

Since a theoretical estimation of the constants
occuring in (2) is difficult, the extreme points of
the visibility scale are adjustable. The zero visibility
is determined by closing the receiver line and an
appropriate adjustment of electronic circuit (Fig.
2c). Estimation of the maximum visibility (the coe-
fficient of extinction close to zero) is performed
with the extinction-meter switched on under perfect
weather conditions when the visibility ranges within
30-100 km. The necessary adjustments are done with
the diaphragm N (set in thel ens mount 72), which is
stopping down the reference beam A till the equilib-
rium with the working beam is reached (Fig. 2d).

By the same method the effect of geometric vig-
netting may be also eliminated. Because of the beam
divergence only a fraction of radiation falls on to
the corner prispi; consequently, only a part of light
reflected by the prism finds its way to the receiver.
Mathematical estimation of this effect is difficult.

The extinctionmeter consists of the following
units:

1 transmitter-receiver unit,

2. corner prism,

3. signal processing and supply system,

4. write recorder (plotter).

The units 7, 2 and 3 (Fig. 4) are located at the
measurement point, the corner prism being set north-

Fig. 4. Measuring stand of the extinctionmeter
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wards with respect to the transmitter at 150 m dis-
tance. In this way the transmitter-receiver system
"looks' to the North, and the receiver photoelement
cannot be blinded by the sun.

The measurement stand as well as the reflector
are set on two concrete foundations sunk deep into
the ground (their protruding parts being about
1.5 m high). All other meteorological measurements
are taken at similar altitudes. Concrete foundations
are applied in order to eliminate the vibrations of
the device, assure the time-stability of the setup,
and reduce the effect of slow misaligning of the
setup. All these factors are of a great importance,
since with the assumed optical path (300 m) even
the slightest instabilities may affect considerably
the accuracy of the device. Under favourable we-
ather conditions (maximum visibility) the indica-
tions of the device are, independently of natural
stability, occasionally controlled to make them consis-
tent with those obtained by visual measurements.

The measurements stand and the reflector are
shielded with two huts, which are independent of
the foundations. They are to protect the devices
against noxious effects of atmospheric conditions.
The huts are heated in order to assure the sta-
bility of working conditions as well as to prevent the
separate elements of the optical instruments and
the transmission windows from being wet with dew. The
transmission windows are situated under a negative
angle to eliminate unwanted reflexions and depo-
sitions of dust. The extinctionmeter allows the vi-
sibility measurements to be taken continuously
within 10 km range. The device is intended to be
applied whenewer continuous measurements of vi-
sibility are required, e.g. meteorological stations,
airports, etc.

Nouveau dispositif pour mesurer la transmission

de I'atmospheére

On a décrit un extinctiometre destiné aux mesures de
ia transmission de t'atmosphére en continu et a cedes de ia
visibiiité météoroiogique ie iong de chemins optiques hori-
zontaux. Le dispositif se compose d'un éiément de transmission
et de réception, d'un systéme éiectronique de traitement de
['information, d'un enregistreur et d'un réflecteur. L'extinc-
tiométre est prévu pour étre utiiisé dans des stations météo-
roiogiques, aéroports etc.

HoBoe YCTPOICTBO [A/1S1 U3MepeHnsl NepeHoca Bo3ayxa

OnucaH 3KCTUHKLMOMETP A5 HENpepbIBHOTO M3MepeHust
nepeHoca BO3Jyxa M MeTeopOosIorMYeckoil BUAMMOCTY BAOMb
rOPU30HTA/IbHbIX ONTUYECKUX A/IUH MYTW. YCTPOACTBO COCTOMT
13 MepefaToyHO-NPUEMHO 3MEKTPOHHONM cucTeMbl Anst obpa-
60TKM [aHHbIX, PErucTpupylolero npuéopa U oTpaxaTens.
SKCTUHKLMOMETP MpefHasHaueH 415 NPUMEHEHUst Ha MeTeopo-
NIOTUYECKUX CTaHUWSX, a’spogpomax M T. 4.
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