
APPLICATIONS 
OF RADIATION 
EXCHANGE 

Measuring the effective radiating 
temperature of the ozonosphere 

By J.H. Taylor 

Editor's note: This is the seventh installment in a series of 
lecture demonstrations on radiation exchange. The author 
is a professor of physics at Rhodes College in Memphis, 
Tenn. The next article will look at the greenhouse effect. 

T he experiment described this month represents a very 
clever appl icat ion of radiat ion exchange. The center of 

the ozonosphere lies about 15 miles above the surface of 
the earth. In this discussion, we are not going into the pho
tochemical reactions taking place in the ozonosphere, but 
instead shall focus on measuring its effective radiating 
temperature. 

This experiment requires infrared spectroscopic equip
ment plus ancil lary opt ical equipment consisting of a first 
surface a lumin ized pa rabo lo ida l m i r ro r , one o r more 

plane aluminized first surface mirrors, and a coelostat or 
heliostat opt ical system for tracking the Sun. The mechan
ical part of the tracking system could be built in a machine 
shop. 

Since the ozone layer does not have a constant tempera
ture, i.e., it is not an isothermal layer, one must be content 
wi th a measurement of what is called the effective radiat
ing temperature. The ozone molecule has several absorp
t ion bands in the ultraviolet, visible, and infrared regions. 
This experiment concerns only the infrared absorpt ion. In 
the infrared there are absorpt ion bands located at 4 .7 , 9.6, 
and 14.2 µm. The 9.6 µm band is chosen for this experi
ment for several reasons, namely: 

• the band at 4.7 µm is contaminated by other atmo
spheric absoptions 

• the band at 14.2 µm is almost completely obscured 
by carbon dioxide and water vapor absorption 

FIGURE 1. Effective radiating temperature of the ozonosphere 
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• the radiant absorptance of the 9.6 µm band is greater 
than that for any other band of the ozone molecule 

• the temperature of the ozonosphere is such that its 
peak radiat ion is near 9.6 µm 

• the atmosphere is relatively free of absorpt ion by car
bon dioxide and water vapor in the 9.6 µm region. 

In this experiment, one observes the radiance f rom a 
column of ozone. Since the co lumn does not have suffi
cient optical thickness to be "b lackbody , " it is necessary to 
determine its radiant emissivity at 9.6 µm. M a n y of the 
details for carrying out this experiment are deliberately 
omitted. Instead, we shall zero in on the physics in
volved. 

As indicated in F ig . 1(a), one uses the coelostat system 
to track the Sun and scan a spectral region on either side of 
9.6 µm (see " + " signal on Recorder Deflection). F r o m 
this spectrum, one determines the radiant absorptance at 
9.6 µm as fol lows: 

Radiant absorptance = s/S = Radiant Emissivity (1) 

F rom Kirchhoff 's L a w , we k n o w the radiant emissivity is 
equal to the radiant absorptance. 

Note carefully the various radiations that are involved 
in F ig . 1(a). N o t only is there radiat ion f rom the Sun, but 
there is also radiat ion f rom the ozonosphere and f rom the 
blackened thermocouple in the spectrometer. These var i
ous radiations are indicated by the blackened arrows. In 
the case of the Sun, the radiat ion f rom the ozonosphere 
and f rom the blackened thermocouple can be disregarded. 

After recording the 9.6 µm region in absorpt ion, one 
stops tracking wi th the coelostat and lets the Sun move out 
of the spectrometer's field of v iew. A lso , the coelostat pr i 
mary mirror is turned back to a posit ion that enables the 
spectrometer to " see " the same region of the ozonosphere 
used to measure the radiant absorptance. One n o w re
cords the exchange of radiat ion between the co lumn of the 
ozonosphere and the blackened thermocouple as indicated 
in Fig. 1(b) (see"—" signal on Recorder Deflection). It is 
important to note that the signal at 9.6 µm is less negative 
than in nearby spectral regions. Th is , of course, is simply 
another example of Kirchhof f 's L a w . One w i l l need to 
measure " d / D " f rom the spectrum. 

In determining the effective radiating temperature of the 
ozonosphere, the assumption is made that the thermocou
ple radiates as a b lackbody in the region of 9.6 µm. Using 
a thermometer located in the spectrometer, one can deter
mine the temperature of the thermocouple and, hence, can 
theoretically calculate the radiance f rom the thermocouple 
in the 9.6 |xm spectral region. Let us call the radiance of 
the thermocouple, R. The fo l lowing expression becomes 
the work ing equation for the determination of the effective 
radiating temperature, T, of the ozonosphere, namely: 
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