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SPECTROSCOPIC MEASUREMENT OF THE DIURNAL VARIATION
OF THE EFFECTIVE OZONOSPHERE TEMPERATURE

A. U. MOMIN
Radiation Laboratory, Meteorological Office, Poona-5, India

HERE appears to be so far no experimental
determination of the diurnal variation of
the temperature of the ozonosphere. As a con-
siderable amount of solar energy 1s absorbed
by this layer in the ulira-violet region of the
spectrum it should be expected to undergo a
diurnal wvariation in tempearature.

This problem has bheen theoretically examined
by a few workers, but their results vary con-
siderably, as accurate data on the vertical dis-
tribution of ozone and the spectral energy dis-
tribution ¢of the sun 1n the ultra-violet region
were not available to them For example,
Penndorf! has calculated the diurnal range of
ozonospheres temperature as 0-3°C. while
Gowané gives a value of 30°C, and London?
4-5° C. for the 45-50 km. region, Recently, how-
ever, Johnsont* utilising the direct measure-
ments of the above quantities made with V-2
and Aerobee rockets at White Sands Proving
Grounds, New Mexico, has calculated the range
to be of the order of 5-6°C. for a height of
48 km.

The experimental determination of ozono-
sphere temperatures made with rockets are yet
too few {o enable one fo estimafe the diurnal
variation of the temparature of the ozonosphere.
A. Adel® has made spectroscopic measurements
of ozonosphere temperatures using the 9:-6u
ozohe band, but as his measurements require
the presance of either the sun or the moon,
it is not always possible to make a complete
series of readings to get an idea of the diurnal
variation. The present writer has developed a
method similar to Adel’s, by which measure-
ments can be made both day and mght so long
as a clear patch of sky near the horizon is
avallable.

The method essentially consists in comparing
the emission of the thermocouple detector in
an infra-red spectroscope at 964, with the
emission of the atmospheric ozone layer at the
same wavelength, which is the centre of the
sirong rotation-vibration band ¢, of ozone.
Since the temperature of the detector in the
spectroscope is kept constant and is known, the
temperature of the ozone layer can be obtained
from a simple graphical solution using a series
of Planck’s curves.

The spectroscope, which is a Beckman
model IR-2 with KBr-prism, modified for
use with external radiation sources (Momin®) is
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directed through Ifroat-aluminised reflectors to
the clear sky as close to the horizon as pos-
sible, and thza wavelength is set in the 9« region
in which the atmosphere is almost completely
transparent. On account of this transparency
of the atmosphere the thermocouple is radiat-
ing out to space, which may be taken to be at
the absolute zero, and thus undergoing cooling
at a rat: determined by 1ts temperature accord-
ing to Planck’s Law. This cooling appears as
a negative em.f. 1n the thermocouple circuit
which can be measured by reversing the phase
of the mechanical synchronous rectifier of the
IR-2 Spectroscope, In relation to 1ts beam modu-
lation. Now the wavelength range between 9 u
and 10-3 u« 1s scanned with readings being taken
at intervals of 0-1 4. A plot of these deflections
against wavelength gives a curve which is the
envelope ot the Planck curve for the radiating
thermocouple, superimposed on which is the
emission band of the atmospheric ozone with
1ts centre at 9-6 u. Since the emssion of ozone
1s 1n the opposite direction, 1t appears as a
decrease 1n the emission of the thermocouple
as shown 1n Fig. 1, The relative value of
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JA ~ D8 u for the thermocouple i glven by AB
and the Jh\ — 9-6 4 for ozone layer by BC. Since
we know the temperature of the thermocouple,
which is kept constant by means of a thermo-
stat, the corresponding equivalent black body
temperature of the ozone layer for giving emis-
sion equal to BC can be cobtained from black
body emission curves based on Planck's Law.
One measurement of the ozone temperature
takes only a few minutes.
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The thermocouple being at constant tempera-
ture, a fixed value for AB is assumed and thus
the effect of any background radiation due to
water vapour or dust is eliminated in the esti-
mation of the diurnal variation of ozonosphete
termmperature.

The two main assumptions in this method
are .

(i) that the ozone layer is emitling like a
black hody ;

(i1) that any diurnal variation in the guan-
tity of ozone does not affect the read-
ings.

Since we are using a portion of the sky about
10° above the horizon, the ozone mass involved
is approximately 5 times that in a vertical
direction and with the normal amount of ozone
at Poona which is about 0-16 to 0-18 cm. (at
N.T.P.), we should obtain absorption almost
approaching saturation at the centre of the
band. This is verified experimentally by the
fact that very close to the horizon our records
show absorptions of the order of 92 to 95 per
cent. This me=ans that in assuming the ozone
layer as a complete absorber at the centre of
the band, we are underestimating 1ts enussion by
only a small percentage, but, for determining
the daiurnal range of temperature, which is our
main purpose, the error 1nvolved 1s negligible
The fluctuations in the amount of ozones also
have very little effect on the ozone emission
as the absorption at the centre of the band 1s
almost fully saturated.

Using this method, measurements have been
made on some clear days at Poona (Lat.
18° 30’ N, Long. 73° 51’ E, Alt. 1,800" above sea-
level) during May, October and November
1953. Fig. 2 gives a typical curve for November,
from which we can see that the range of the

equivalent black body femperature comes out
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as about 15°C. The readings for May and
October also give a range of the same order

although in May the ozonosphere temperature
appears to be slightly higher, thus indicating

the possibility of a seasonal variation. It must
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be pointed out, however, that the above results
are prelimunary and we need a much longer
saries of data for more definite conclusions.
The writer wishes o express his best thanks
to Dr. . A. Ramdas, for his kind interest and
encouragement and valuable discussions, and to
the C.SI.R for financing the research scheme.
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NUCLEAR ENGINEERING CONGRESS

N International Nuclear Engineering Con-

gress will be held at ithe University of
Michigan in Ann Arbor, June 20-25, 1054. This
is the first public meeting of its size devoted
entirely to the peacetime uses of the atom
Over a hundred papasrs and addresses have
been scheduled to be presented during the six-
day meeting, twelve of which are from authors
it Canada, England, Belgium, France, Norway,
[taly, Spain and India. The technical pro-
gramme consists of some ninety papers on the
following subjects. materials of construction
for reactors, reactor technology, research and

educational reactors, reactor fuel refining and
preparation, nuclear power reactors, processing
of 1rradiated materials and applications and
uses of radioactive products. In addition to the
above there will also be a symposium on ‘Edu-
cation In the Nuclear Field’ and an ‘Atoms for
Peace' exposition [featuring radiation, reactor
modzals and instruments, Educational displays
will aiso be heid 1in the galieres of the Rack-
ham Building at the Umversity concurrent with
the Congress. Further particulars can be haa
from Prof Robert R. White, University of Michi-
gan, Ann Arbor, Michigan (U.S.A.).
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