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ABSTRACT. This paper describes in detail the design and construction of an infrared hygrometer

to measure absolute humidity in the atmosphere.

The hygrometer has good dynamic response com-

pared to other methods and the speed of response is essentially limited by the electronic filters. The
hygrometer can be readily modified to measure the humidity for atmospheric research also. Use of two
infra-red filters for differential measurement which chop the measuring light beam, eliminates completely
the errors due to aging of infrared source, atmospheric light scattering and other extraneous disturbances.

The calibration procedure is also outlined.
1. Introduction

Quite a few methods are available for mea-
surement of the different parameters of atmos-
pheric humidity like relative humidity, dew
point etc. The hair hygrometer in which the
length of a strand of hair is dependent on the
" relative humidity, the dew cell, which gives the
dew point, the wet and dry bulb hygrometer are
a few examples: of the instruments used for
measurement of humidity. All these instruments
are rather slow in their response and hence

could be used only for the determination of time

averaged humidity.

In the infra-red (IR) hygrometer the method
of measurement by absorption spectra analysis

is employed and it uses a beam of light as the -

sensing element (Wood 1958), and hence this
instrument is inherently several orders of magni-
tude faster (Middleton and Spilhavs 1953),
limited only by the speed of IR radiation (i.e.,
speed of light), response time of the IR detec-
tor and the electronic circuit time constant. .

2. Principle of working

2.1. The IR region of the electro magnetic
spectrum is divided into three "sections (viz.,
near, middle and far) IR (Hackforth 1960).
Approximately: 0.72 to lpm is near IR, 1to

10 pm is middle IR, 10 to 1000 pm far IR.

2.2. The selective absorption at certain wave-
~lengths (1.3, 1.89, 2.6, 2.7 and 6.3 um) in the
middle IR region by water vapour is made use
of in the development of the IR “hygrometer
- (Hudson 1969). The 1.3 and 1,89 pum bands
are weak absorption bands and are useful in
measuring high absolute humidities and the 2.7
and 6.3 pm bands are fairly strong absorption
" bands and ‘are useful in measuring low humidi-
ties .such as those in dry places and in clouds

(169)

from —20°C to 10°C as well as high humi-
dities. :

When an IR beam with a wavelength in the
absorption. band of water vapour is passed
through a certain path length I cm of the atmos-
phere and is received by a detector, the signal
obtained at the detector is a function of the total
amount of water vapour in the path length. The
output at the detector is less' when the water
vapour content is more causing more absorption
and vice versa. ~ R

~ If the signal -at the detector is I, when
there is no water vapour and I when the density
of the water vapour in the IR path is p» gm/
m®, then: :

= [ W] (1)

(Hyson and Hicks 1975) where a is constant
for a given A and l. I|[; = = = trangmittance of
the sample of air.

2.3. Eqn. (1) could be used for determining
pwn if the IR beam is monochromatic, but in
practice the IR beam though narrow has a cer-
tain bandwidth, and within this narrow band
also water vapour has selective absorption and
hence Eqn. (1) is not applicable.

Considering the selective absorption by water
vapour within the narrow finite bandwidth of the
IR beam, an equivalent bandwidth (B.W.)
(Hudson 1969) is reckoned which is a fraction
of the actual bandwidth of the beam. This equi-
valent bandwidth serves as a measure of reckon-
ing the absorptance 4=1 — =, if it is'in a weak
band or a strong band according as 4 X (B.W.)
is less than or greater than a given WNo./cm
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(which is different for different centre wave-
lengths).

In the weak band region which is of interest
tous :

AXBW)=C. W. 3pb ')

where, C=constant for a given centre wavelength
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=316 at 2.7 pm (Hudson 1969)

W = 10~ p,l = the precipitable water
vapour in cm. 3)

P = atmospheric pressure in mm of Hg.

b == constant for a given band (0.32)
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It A could be experimentally determined for a
~ known p, (controlled humidity), knowing P, I
~ and b, the equivalent band width (B.W.) for
- the IR filter used may be calculated. Usually the
~mean value of the B.W. is obtained after repeat-
~ ing the experiment for various '

~any sample of air. If t
_ required, it may be obtained from:

 where, pa = density of air (gm/flitre)

 and g isexpressed ingm/kg.

3. Description of the equipment developed

. The equipment developed for the ‘measure-
ment of absolute humidity consists of the basie

~ blocks shown in Fig. .

3L LR opties (Figs.2,3and 5)

 This consists of an incandescent tungsten Al
~ ment lamp (about 2W) as the IR source and a

. PbS phc ductive cell 61 SV with a spectral

~ response in the region 0.3 to 3.0 pm, as the

from ,,:eac}{, other

“tent is to be determined

- mated by a parabolic
 ed from the humid a
~ The beam of light after pas
~ is converged on the det s

~ area (which is finite—

~ detector may be illumi
_incident on the detect:

by two IR narrow ban

centre wavelengths 2.4

~ ed on a disc rotated b

of 3000 r.pm.

. ‘Tl,‘ie f sigqél :obtainéd as
~_tor, through the 2.4 pm fil

does not have an
n and the IR beam

1

absorption band in th

~in this region is. incident unattenuated on the ~ and d
~ detector, while the signal obtained through the Wi
27 pm filter is the variable which is a function

 of absolute humidity. The use of two filters one

_ in the absorption band and the other one out-
~ side it, is to minimise the effect of aging of the
~ lamp and collection of dust on the optics when

~ the hygrometer is left unattended for days.

~ The space between the IR source and

" tor may be open for free flow air (Fig. 2) or
~ enclosed-using a brass tube of about 13" dia- -
~ meter with inlet and out let tubes for flow of air

<  (Fig. 3).

. known values of
pment may be calibrated and

specific humidity g is

~ and are individually “averaged by operational
_ amplifier circuits and their ratio obtained by an
analog divid | .

all gain of the electronics is adjusted such that
‘ 10 volts in the absence of any water

the output of the detec-
ter serves as the refe-

3.2 kSigria,l ;f/e‘oknditiorier, divider and ;irtdfit;atorf
(Fig. 4) e .

~ The PbS detector is biased at 50 V through
~a load resistor of 1IM®Q and the A. C. compo-
menti_of“tihe_;sligxéal obtai%c]ﬁ ‘aCIg)SS;th“ 1 1Mﬂ.u9 -
0 < nf o o resistor is amplified suitability, by a monolithic
wn values of pu I lhGon operational amplifier with a high input
_impedance and ultra low drift. This A.C. com-
: . ~ ponent is in the form of pulses of alternately high
b q . V“(‘j,‘)  pulses (reference) are separated from the low
~ amplitude pulses (variable) by CMOS trans-
~ mission gates, gated by square waves, onme of
“which is 180 ° out of phase with the other. These
~ square waves are synchronised with the light
~ chopper frequency, by having a slot cut in the
_chopper disc (Fig. 5) and having a lamp and
_phototransistor arrangement on either side of the
dise.. o ' Lo i i

and low amplitude (Fig. 6). The high amplitude

 3.2.1. The reference and variable signals

‘thus separated are available as two independent
~ outputs of the transmission gate and fur
conditioning of the signals is made simple. T

signals are temporarily separated (oscillogre

r. 101/1, is thus obtained. The over-

ider output is always less than
resence of water vapour and is

nal level to operate a D’Arsomoval -
e meter. The output of the amplifier is then
alibrated in terms of absolute or specific

4. Calibration of the instrument (Fig. 3)

p for calibration
en the IR source
fnby ~a brass tbe

he el
that the divider output
‘a D.VM. With a very
1b hygrometer the rela-
ambient is deter-

; 0 V and amplified by a sum-
amplifier set to a gain of ten in order to

ing the amount
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Fig. 4. Hygrometer circuit diagram

Componentsources in Fig. 4 ¢

61. SV
3500 E
CD 4016
MCL 1301

Model 107C
LM 308A
CIL 511

FPT 119
IR Source
IR Filters

PbS detector Philips, Holland

Op. Amp. Burr Brown, USA
C/Mos gate RCA, USA
Coastant current

diode Motorola, USA

Multiplier/divider Hybrid Systems Cor-
poration, USA

Op. Amp. Semiconductors Ltd.,
Pune

NPN transistor Continental Devices,
India

Photo transstor  Fairchild, USA

Any torch bulb  Any shopin India
V.24 Valtec Corpn., USA
V.27

Fig. 5

saturation vapour density p, (sat.) is obtained
from the Swmithsonian Meteorological Tables
(List 1958) p4 of the ambient is then given by :

Pw=pu (sat) X R.H.%/100 (List 1958)

The ambient air is then let through the brass tube
and the divider output is noted.

The absolute humidity p, is related to the
divider output 10 /I, by the equation:

10—10I/Iy= 10 K +/p, (5)

from Eqn. (5) the constant K is calculated.
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TABLE 1
 Pu @mjm?) Reading (pA)
0 : : 0
s o
0 46
S5 _ 57
20 L .65
25 ‘ 72
30 R 79

 42. The constant K is also determined at
~various known humidities . ‘Saturated solutions
of LiCl, MgCl,, NaCl and KNO; are prepared
and kept in wash bottles and also distilled water.
The R.H. of the air over saturated LiCl solu-
tion at 25°C is 11 per cent, MgCl, solution is
33 per cent, NaCl solution is 75 per cent, KNO,
solution is 93 per cent and distilled water is 100
per cent (Middleton and Spilhavs, 1953). From

this the expected value of p, at any given tem- .

perature may be obtained with the help of Smith-
sonian Meteorological Tables and Eqn. (5).

The brass tube is evacuated and air from over
one of the salt solution or distilled water is
allowed to occupy the tube, and the reading
10 I/I, is obtained and K is calculated. This
is repeated for all the salt solutions and distilled
water and the mean value of K is calculated,
which is a constant for a given altitude and at-
mospheric pressure, for various values of pu
ranging from 1 to 30 gm/m® the value of 10—
10 7/I, is calculated and a table is drawn up
for pp vs [10 — 10 IjI] X 10 and the output
of the IR hygrometer system is calibrated with
this table. ;

If instead of pw, ¢ the specific humidity is
.required, then: ‘ N

where pe=density of air in gm/litre. The instru-

ment is now ready for use. If the instrument is -

to be used at a different altitude and hence at a
different pressure K is modified according to:

K=K (P,/PP-%

Fig. 6. Os‘cillégram

where P is the atmospheric pressure at the place
of calculation and P; the pressure at the place of
use and K “the new value of K. ,

5. Summary

The absolute humidity is directly obtained
from the IR hygrometer whereas in other con-
ventional types the relative humidity or the dew
point is first obtained, from which the absolute

humidity is calculated. Most of the instruments

give R.H. or dew point which is dependent on
the ambient temperature. For example an R. H.
of 100 per cent at 25 °C corresponds to a  py
of 23.05 gm/m*® and that at 30° C to 30.38
gm/m?® and therefore they do not give én idea of
the actual water vapour content in the air.

The wet and dry bulb hygrometer depends on
the rate of evaporation of water to determine

the wet bulb reading, and the dew cell absorbs -

moisture from air in order to determine the dew
point and hence in both these cases there is modi-
fication of the water vapour content of the air,
whereas, in the IR hygrometer no such modifica-
tion takes place as the instrument depends only .
on the selective IR radiation by the water va-
pour (Bemis 1951). The calibration depends
only on the optical filter characteristics, which
does not vary with time and hence calibration
changes are eliminated (Hyson 1975). -

‘The instrument is especially useful in_ deter-
mining quick fluctuations in humidity as its res-
ponse time is low (less than a second) while the
other hygrometers have response times of one to
several minutes. By virtue of this property, this
instrument finds applications in measuring humi-
tj]ity in the clouds from an aircraft for cloud seed-
ing operations for artificial rain making and for
cloud physics studies, and also in measuring
humidity fluxes over the seas, oceans and land,
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A simple design of the IR hygrometer for field
use may be made by climinating the servomotor
and using two detectors with the two filters and
a single IR source with a beam splitter (partially
reflecting mirror) or it is possible to use a single
source and a single detector with a small low
~power (2 or 3W) D.C. motor which could be

operated from 3 V cell for light chopping.

.
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