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X- SUMMARY

'The attemuation of & collimated beam of infra-red redistion by
dusts anld aerosols of solid substances has been investigated experi-
mentally. It is concluded that atmospheric dusts are not likely to
exhibit any significant absorption bands in the wrvelength range
1.52'1:0 6.0u; which includes the region of interest in sperating C.V.

alarms. -

. . o rers

"Typical dusts having a number median diametcr et 1§t were found
to atteruate a beam of radiation by sbout 50% at 2. and 52% et 2.@
in e path containing lg//i::xz/‘(concentration x wevelength). These
figures suggest that the operetion of e sensitive C.''. alarm based
on the diffeerentiel absorption of infre-red rediction at two ad jacent
wavelengths in the 2% region would be affected by the presence of
dust raised by the wird or by the passage of ‘vehicles if the value

of the concentration-pathlength product were in excess of 100 me/b/z. [\
“ .

l

(Sed.) W. R. Lane, \

T Superintendent, i

Physics Research Division.
(Sed.) A. S G, Hill,
LD/ AH Deputy Director.
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THE EFFECT OF DUSTS ON TIIS
OF INFRA-RED RADIATION THROUGH THE

ATMOSPHERE

by
¥. L, Dennis

QDUCTION

Stullies are being made of an esrly warning C.'7. detection system
based on the absorption of infra~red radiation by the vapour of an
agent, If the radiation travels over a long path, say 400 m. and the
tranmmission et a wavelength at which the vapour is known to absarb is
compared with tHat at an adjacent wavelength showing no absorption,
the presence of the vapour can be monitored. If several wavelengths
are used it might be possible to identify one of e few knowm agents.

Thomas (1) has conéluded thet the best region of the spectrum to
use is that between 1 and 2.5y since, although the absorption is lower
in this band than in the region around 10y, the difficulties encountered
by U.S. workers from atmospheric shimmer could be eliminated by the use
of higher ohopping frequencies attaineble with photoconductive detectors,
whose maximum sensitivity is in the neer infra-red. Thomas has also
drawn attention to the greeter source energy available in this region.
He has established (2) thet GB, GD and VX have absorption bands of
usable intensity at 2.25u, i.e. in an ~imospheric window where there is
believed to be no significant absorption by the water vapour or carbon '
dioxide in the atmosphere.

SECKET
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He estimatoed that if a diffurence of onc part on 106 between the
intensities of the two beams of infra-red rediation of different wave-
lengths ocould be detected, then o local alarm could be constructed
which would respond to a concentration of 0.1 mg/m’ in a path length
of 10 metres. If however far a long path detector the distance were
increased to 400 m and it is requirecd to detecct a concentration of
1 mg/m3, then the required discriminstion would be 4 parts in 104,

If such an elarm is to be developed it is essential to !mow to
what extent atmospheric pollutants might intorfere to give false alsrms.
The major air contaminents normally encountered are fogs, pollen,
naturel dust, smoke, industriel dust, sulphur oxides and vapours in
varying proportions. The concentration of suspended particulate matter
varies from about 0.0l mg/m3 to as high as 1 or 2 mg/md in cities. In
industriel areas it is sbout 0.5 mg/m’ (3). If the particle size is
assumed to be 0.5y, the amount of materiel required to obscure an object
from an observer in daylight is sbout 500 mg/m? (concentration x path
length) (4). A visuzl range of 3 miles would therefore corre.spond to
e concentration of 0.1 mg/m> of pollutant in the etmosphere and there
would be cbout 1600 perticles per cmd, eassuming unit density.

The high sbsorption of infra-red radiation by the water vapour and
carbon dioxide of the stmosphere, except in the relstively narrow
"windows", makes dircet experimental measurement of the effect of solid
pollutonts diffioult. Dennis (5) attempted to surmount this diffioculty
by collecting the pollutant on millipare filters and then, after transfer-
ring the deposits to sodium chloride discs, determining their transmissions,
The samples were taken over periods of ebout six hours and, assuming single
scattering only, the atteruction by a deposit was equivalent to that of
the pollutants dispersed over a peth length of ebout 10 miles. The results
were cxpressed in such a wgy thet, knowing the visual range, one could
obtein an ostimete of the concentration of pollutant present amd hence
calculate the amount in the requircd path. PFrom a series of graphs one
could then d:tcrminc the transmissions at a number of wavelengths.

SECRET
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Some of the most reliable experimental datz on atmospheric
transmisaion in the infra-red are those published by Gebbie anmd
others (6). They assumed that the soattering was due to salt nuclei
and explained their results on the basis of the change in sise and
refractive index of the droplets with humidity.

For purposes of computing transmissions through the atmosphere,
warkers in the U.S.A. heve adopted a Standard Atmosphere (7) and
Elterman (8) hes augmcntod this by an aerosol component which yields
a visual range of about 25 km. He hes tabulated the aerosol number
density ageinst altitude and the acrosol ettemustion coefficient
ageinst wavelength. At zero altitude the mumbcr donsity is 215 cu'3
end the attomation cocfficiont 0.085 km~! at a wevelength of 2.17u.
The tebulations may be used to calculate the horizontal, vertical or
elent path transmissions from sea level or the transmission between
two eltitudes in the infra-red windows.

Curcio, Knestrick and Cosden (9) computed the ascumulative
attemiation for the particle diameter range 0.02 to 4Oy for three
wavelongths 0,535y, 1lu and 5y and refrective indices of 1,33 and 1.5,
covering an eerosol of diverse composition. They repeated this far
several differcnt particle sise distributions, cssuming pure scattering
in all ceses.

Previous cxpasriments (10) have shown thet aerosols of substances
of low vepour pressure, such as stearic acid, paraffin wax and fog oil
bohove as clmost pure scatterers end the sttenuation produced by them
is & function of their physicel rather then their chemicel properties.
If the cloud is monodisperscd the attenuation at a certain wavelength
is a function of the concentration, perticle size and refractive index.
The effective scatturing erea per unit mass of matorial shows e maximum
when the perticle diamctur is epproximately equel to the wavelength.
This maximum velue decreascs and becomcs less pronounced for larger
particle sizcs (10). '

SECRET
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Tho invostigations referred to sbove apply to whet one might
call genural atmospheric pollution, that is pollution occurring over
comparatively large arecs, and from date givon it is possible to
obtain an ost:lméte of thc probable attenuation in the infra-red region
over o given path length under given metearological conditions, 1In
consid.ring the fuasibility of a C.7. slarm based upon the principle
of the variation in the trensmission of infra-red radiation one must
consider the possibility of more intensc local pollution occurring
in the optical path of thc instrument. This might for instance occur
es a dust oloud raised by moving vchicles. The present work was under-
taken with ¢ view to obtaining on estimcte of the attermation likely to
be produced under such conditions and to obtain, at the same time,
additional basic informetion on scettering end absorption of infyre-red
rodietion by acrosols.

APPARATUS

The spperatus employed was vesically similar to that used in &
previous study (11). It consisted of four essential perts, the aerosol
generator, the chamber having the long opticel path, thc spectrometer
end the recording system.

The serosol cloud was dispersed eithar by an ctomiser sprey, if a
liquid or solution, or by the iiright dust feed mechenism (12) if a
powder. In the latter device the powder wescompressed in e metal
cylinder and a rotating cutter, which sdvanced slowly into the cylinder,
s pered off thc surfece at a fixed rete. This powder was removed and
dispersed by a stream of eir through the apparatus, any aggregetos
being brokcn up by impingement on & surfecc near the outlet. From the
dispenser the aerosol passed through a 10 litre aspirator jar to ensure
good mixing befaore entcring the chambor heving the long optical path.
The dust fced mechenism wes in 2ll cxperimcnts operated ot &4 lb/in2
pressure, which produced an 2ir flow rate of spproximately 1. 1/min,
The powders were siliconc-cozated to makc them more readily dispersible.

SECRET
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It wes esteblished by independent experiments that this trcatment
did not significently cffect the optiorl properties of the particles.
As s complcte experiment took about 13 hours, a contimuous flow of
aorosol of constant concentration wos essentiecl to avoid errors due
to sedimeontation.

The chamber is shown dicgramstically in Fig. 1. It consisted
of a wooden box 154 x 40 x 24 om, blackened on the inside and having
a hinged top giving caay cocess for aljustment and cleeming. The
infra-red radiation from a Nernst filament was foocussed through one
of the sodium chloride end windows on to the long focal length mirror
at the opposite end of the chember. It was then reflected back again
through the length of the chamher and passed through the other window
to the spectrometer, this arrangoment providing a path length of 270 om.
3y mcens of partitions at either end, clean air was made to flow over
the windows and mirror to prevent deposition of particles on to them.
A small fen ensured good mixing in the chamber., The inlet and outlet
for the aerosol were at opposite ends of the chamber. The opticel
density of the cloud could be monitored by a simple nephslomcter arrange-
ment in the chamber, consisting of a lemp housing at one end producing e
parallel beam of light fallingon to 2 photocell at the other end, the
photocell current being indiceted by a2 microammeter,

The spectrometer used has rlready been described in a previous
report (11). Itwas s double monochromator employing & sodium chloride
prism and e diffraction grating. A Golay pneumstic infre-red detector
a8 incorporated, the output from which was proportional to the intensity
of the rediations The spectrometer covered the wavelength range of
epproximetely 1.5¢4 to 104 Inthe present study the ocms were driven by
o synchronous motor through a geer box to provide four different times
to scan the wevelength range. In most experiments in this investigation
this time was sbout 25 minutes,

SECEET
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The output from the Golny detector amplificr was connected to
a recording milliammuter which produced a spectrogram of radiation
intonsity nagainst wavelength on a 6 inch chert. To dctormine the
transmission of en acrosol it was neccssary to make two runs, one
being a blenk and the other with the cloud in the chamber. The
transmission at a given wavelength was determined from the ratio of
corresponding ordinates on the two charts. In previous investigations,
on account of the complexity of the water vapour and carbon dioxide
ebsorption bands, the spectrograns hed been divided into 0.5y intervels
and the transmission at the mecan wevelengths determined by measuring
the areass under the two curves with a plenimeter. This was ¢ long and
tedious process which in the present work was eliminated. A 10 ohm
resistance was inserted in one of the leads to a 3000ohm recording
milliammeter and the voltoge drop across it wes epplied to the input
of ¢ D,C. amplifier, the output being used to drive a D.C, low inertic

integrating motor (Fig. 2). The speced of this motor was then proportioncl

to thc current through the milliammeter and hence also to the intensity
of the radintion prssing through the spectromcter. Since the diffraction
grating was rototed ot - uniforn rote, thus producing ¢ lineer wovelength
scrle on the spectrogron, the number of revolutions made by the integrat-
ing motor in = given time wes proportionzl to the cres under the spectro-
grem during the scme time, The mumber of revolutions mede by the motor
was counted znd printcd on tope ot intervals by o printing impulse
counter (Sodeco. Type IT pb 3). A contact on one of the rotcoting shefts
of th¢ spectrometer gearbox, opercted o relay to send o pulse to the
printing circuit at cqucl time intervels, corresponding to 0.25u or 0.5u
wavelength intervels on the spectrogram. Another relsy connected to

the same contsct, simultoneously opercted o marker on the chert to show
the points ot which the number counts hrd been printcd out on the tope.
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Thus, during cny run with the spoctromcter the recording millicmseter
trooed ¢ spectrogram in vhich the deflection wes propartional to the
intensity of the rediction peassing through tho instrument, aid the printing
impulse counter rt the same time printed on tepe n scries of nunbers
proportional to the integreted transmission ot 0.5y intervals throughout
the wevelength raonge., If two runs were mcde, one boing a blenk and the
other with tho rerosol in the chembory the mean percentege transmissions
for each wavelength intervzl could be easily calculated.

As & chock on the recording system, experiments were carried out in
which the percentage transmission wes calculetod from the planimetered
arcas on the spectrogram and then compnred with those calculeted from the
corresponding numb.rs recorded by the impulse counter. A typical set of
results is given in Tcble I for 2an nerosol whose concentrction was low
end which therefore produced only ¢ smell s~ttemuction of the radiction,
The sgreement was considered sstisfeoctory. It is probeble thet the
results obtcined from the impulse counter were the more accurate.

EXPERIMENT AL _PROCEDURE

The first experiments were corried out using simple inorganic
substonces which were recdily cvaileble as powders of suiteble particle
size ronge ond could be easily dispersed s porticulcste clouds. They were
in most cases substonces which might occur naturally, or were included
beceuse of some similerity in chemicsl composition (e.g. oxides, carbonetes,
mognesium compounds). In later experiments the dusts used were obtcoined
by pulvarising scmplcs of soil and rocks in a bell mill until of sufficiently
smell porticle size end then, 28 mentioned cbove, trecting them with a
smr1l emount of silicone fluid MS.1107.

Prelimin~ry celculctions, and experiment:l observetions of the opticel
density when an scrosol was prssed through the chamber rt the fixed flow
rote used in most cxperiments, showed thot a period of sbout 25 mimutes wes
requircd for the concentretion to attein 98% of its maximum value. This
concentrstion wes controlled mainly by the speed of the Wright dust feed
mechanism,

SECRET
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The blenk run comploted, the rerosol was passed into the chamber
for 25 mimutes and then anothor run was made to determine the tronsmdission
through the cloud. In some crses, whero oonsidcred necessary, anothuar
blank run was modo ot the end of tho experiment to ensure that it was
unchang.d. This wos o cheok on the constancy of the amplifiocrtion of the
Goley detector and also thot no deposition had takoen place on the windows
or mirrors. The optical density of the cloud in the chamber wos monitored
with tho nophelomcter. Mve oxperiments wero oarried out with each material
and the mean veluo of the transmissions caloulcted, these being corrected to
o poth length of 1 motre tnd a concentretion of 1g/md. /The trensmission
would of coursc be the same for eny peth length for which path longth
(motros) x concentrction (g/m?) = 1 g/m?/.

RESULTS AND DISGUSSION

The results are shown in figs. 3 to 9. It will be obsarved that the
trensmissions of ell the metoricls used are of the same order in the wave-
length range 1.5u to 6u, verying by not more then o factor of sbout two.
In this region no sbsorption bands were found in ¢ number of substances
likely to occur s common dusts, although st longer wevelengths most of
the substances show marked absorption bands either ot cbout 7u or at 9
to 10u. The bands at cbout 7u ore due to the presence of cerbonctos;
Calopake for examplc is o precipiteted caleitic calcium oarbonate, The
bends found at 9 to 10 are charcoteristic of silicon compounds such as
send, shale and sandstonc. Cley showed both absorption bands.

All the dusts used had ¢ mumber medicn dicmeter between 0,.6u and l.4H
(Table II) ond the slopes of all the size distribution curves wore similar,
It hcs been empi:csised previously (10) that the attemuation by an acrosol
depends critically upon the particle size distribution. This is illustrated
here in the case of the two samples of Calopake. The sample F has the
larger particle size and shows & higher sttenuation in the 1 to 4u region
of the speotrum. At longer wovelengths the difference is not so marked
except ot the absorption band.

SECRET
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The spectrograms from the Salisbury and Porton dusts are generally
similar; any difference between them is probably due partly to slightly
different particle size distridbutions and only partly due to a varistion
in the chemical composition. The Porton soil was more chalky but
apparently not sufficiently so to show the carbonate absarption bamd,

Por comparison purposes, spectra of a few of the substances were
also determined by the Chemical Research Division by the conventional
alkali halide disc technique. Three of these are shown in figs. 10, 11
and 12, If one compares for example figs. 6 and 10 for sand, although
they both indicate minimum transmission at the same wavelength, the
ocurve of fig. 6 shows a much narrower band. From figs. 4 and 11 it will
be noticed that the alkali halide disc method shows the finer structure
of the absorption band of magnesium carbonate which is probably missed
by the aerosol method or the lower resolution of the instrument used.
These differences are to be expected since the disc method yields a
measure of the absorption by the substance in a compressed state while
the present method determines the attenuation brought about by particles
of the aerosol and this is due mainly to scattering and only partly to
true absorption.

It is interesting to noto that calcium carbonate and quarts both
show the phenomenon of "reststrahlen" (13) i.e., they show high reflec-
tion at wavelengths of 6.7u: and 9u respectively and these are the wave-
lengths et which apparent absarption ocourred with the calopake and sand.
The present study does not distinguish between true absorption and
scattering but msasures the overall transmission, It is possible that
the method proposed by Wootten (14) to measure the true absorption by
an aerosol might help to clarify this anomaly.

The main practical objective of the present work was to provide
experimental data upon which to bese an assessment of the probability of
interference by airborne dust with reliable operation of an sutomatic
C.¥. alarm based on infra-red absorption. One important and reassuring
feature of the results is the absence of any marked absorption bands in
the region 1,5y to 6u in any of the dusts examined, so it seems rather
unlikely that serious difficulties due to such bands would arise in

practice. -
9
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The variation in the attenuation with wavelength seen in the case
of all the dusts tested, however, raises the question of the effect of
airborne dust on the transmission at the two adjacent wavelengths (agent
and reference) employed in a detection system based on differentisl
infra-red absorption.

It will be seen from the graphs in Figs., 6 and 7 that for a CL
(concentretion x path length) value of 1 g/m? the transmission through
a dust at 2u is approximately 50% whilst at 2.2u: it is 52%. Using these
figures a simple oalculation shows that the transmission through an
atmosphere containing 0.08 mg/m} dust (corresponding to a visual range
of 6 miles) over a path length of 40O metres (CL = 32 mg/m?) would be
about 97.8% at 2.0u, but there would be a difference of approximately
1.2 in 10% in the transmissions at 2.0 and 2.2p respectively. This
figure of 1.2 in 10% should be compared with the discrimination of 4 in
10% quoted above for a detection system having this path length.

CONCLUSION

It is concluded that an alarm based on the differential abscrption
at two adjecent wavelengths in the 2u region which operated over a
path length of 400 metres with a wavelength discrimination of 1 in
2,500 would be affected by s dust cloud if the concentration path
length product exceeded about 100 mz/m?. This product could be readily
attained if the dust were raised by the wind or the passage of vehicles.

ACKNOVLEDGEKENT S

Mr. R. Poynting assisted with the experimental work and carried

cut most of the computations.

(Sgdo) .‘170 Rc L&ne,
Superintendent,
Physics Research Division.

(Sgd.) A. S. G, Hill,
Deputy Director.

SECRET

10.



able

F B

Perocentage Transmission

Wavelength
() Planimeter Integratar
1.31 735 71.5
1.79 7345 7245
2.28 7945 76.5
2.78 82.0 81.5
3.27 85.5 87.0
3.76 88.0 86.0
4.25 85.0 87.5
L7k 90.0 91.0
5e24 %.0 9.5
5.73 9.0 95.0
6.22 9545 %.5
6.70 83.0 82.0
719 84.0 83,0
7.69 9.0 90.5
8.18 9%.0 9%.5
8.67 95.5 95.0
9.16 96.0 95.5
9.65 97.0 96.0
10.15 9.5 98.0
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Table II

Distribution by number

Material 10% * 50% 9%
1 )
Calopake H 0.55 0.79 1.35
Calopake F 0.63 1.15 2,80
Sodium chloride 0.51 | 0.69 1.02
Magnesium sulphate 0.56 0.95 1.95
Magnesium carbonate 0.62 1.00 2.10
Magnesium oxide 0.60 0.92 1.75
Talo (3Mg0.4Si0,.Hy0) 0.91 1.61 2.99
Manganese dioxide 0.63 0.97 2,50
Sand 0.59 0.89 1,63
Clay 0.58 1.00 2.02
Shale 0.75 1.30 3.72
Sandstone 0.86 1.36 2.45
Granite 0.60 0495 2.03
Porton dust 0.56 0.85 1.46
Salisbury dust  0.58 0.87 1.65
SECRET
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