
Infrared spectrum of a block of ice 

Editor's note: This is the fifth in a se
ries of lecture/demonstrations on ra
diation exchange, developed by Jack 
H. Taylor of Rhodes College (former
ly Southwestern at Memphis) in 
Memphis, Tenn. This month begins a 
series on some applications of radia
tion exchange, in which, from May 
through December, several interest
ing demonstrations and experiments 
are discussed. The apparatus involved 
is modest. The demonstrations and 
experiments are all carried out in the 
infrared. There are several experi
ments and they are quite varied, from 
the infrared spectrum of a block of ice 
to the measurement of the effective 
radiating temperature of the ozono¬
sphere. A discussion of atmospheric 
transmittance will also be presented. 

FIGURE 1. Perkin-Elmer Model 12 C infrared spectrometer, Leeds and North¬
rup recorder, electronics, and water pump. T his article is a continuation of 

previous articles 1 , 2 dealing with 
the desirability of including more ma
terial on radiation exchange in intro
ductory physics courses. The subject 
of radiation exchange holds great 
promise for the teacher and student 
alike in being extremely open-ended. 
It is laden with astrophysical and 
space applications, both of which are 
of interest to most students. 

Included herein are some applica
tions of radiation exchange, and these 
demonstrations and experiments 
range all the way from the infrared 
spectrum of a block of ice to the mea
surement of the effective radiating 
temperature of the ozonosphere. 

Infrared spectrum 
of a block of ice 

Unless one was familiar with the 
Stefan-Boltzmann law, this particular 
application might seem difficult to 
perform. In an earlier demonstration1 

we observed the exchange of radia
tion between a thermopile, a hot sol
dering iron, and a beaker of ice. In 
that demonstration, the soldering 
iron produced a galvanometer deflec
tion that was in the opposite direction 
to that produced by the ice. You 

know that the galvanometer deflec
tion associated with the beaker of ice 
was in the direction in which it was 
because the ice was colder than the 
thermopile. You will also recall that 
in that demonstration the thermopile 
responded to the total amount of ra
diation, either in the case of the bea
ker of ice or in the case of soldering 
iron. 

We now want to repeat that dem
onstration, except now we want to do 
it more elegantly. We shall use the ap
paratus shown in Fig. 1, namely, the 
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FIGURE 2. Infrared spectrum of ice. 

Perkin-Elmer Model 12 C infrared 
spectrometer. Instead of observing a 
very broad band of wavelengths as in 
the case of the radiation thermopile, 
we now are going to observe the radi
ation from an object in very narrow 
bands of wavelenth, and cause these 
narrow bands of wavelengths, seria
tim, to fall upon our detector, which 
in this case is a radiation thermocou
ple. This, of course, is what a spec
trometer is designed to do this partic
ular spectrometer is equipped with a 
sodium chloride prism. 

Figure 2 is a schematic drawing of 
this demonstration. It will be noted in 
Fig. 2, that we record first the spec
trum of an object that is hotter than 
the thermocouple, in this case a rod of 
globar that is incandescent. Next, we 
locate a block of ice, into which we 
have roughly chipped out a cone at 
the same distance from the entrance 
slit of the spectrometer as the globar 
was. In carrying our this demonstra
tion, one records first the spectrum of 
globar. One then rolls back the strip 
chart recorder paper and starts at the 
beginning of the recorder paper with 
the spectrum of ice. Figure 2(c) is a 
sketch of what one obtains from the 
strip chart recorder after certain com
putations have been made. 

I think we can get through this part 
without becoming mired down in 
technical detail. In order to do this, 
one needs to have carried out what is 
called a wavelength calibration of the 
spectrometer. This is a straightfor
ward operation. It is the next step in 
the operation where the technical dif
ficulty is likely to arise. 

In order to be able to measure 
"spectral radiant emittance" as indi
cated in Fig. 2(c), one needs to know 
how many watts of radiation striking 
the thermocouple produces how 
many units of deflection on the re
corder paper. It is necessary to use a 
reference radiation source (or black-
body) for this phase of the radiomet
ric calibration. 

The units for spectral radiant emit
tance are "watts/micron/cm 2" radiat
ed into a hemisphere. Knowing this 

so-called radiometric calibration fac
tor, one then measures the deflection 
on the chart paper throughout the 
spectrum and, by using the calibra
tion constant, is able to draw a curve 
such as shown in Fig. 2(c). 

Try not to be confused by this tech
nical phase. Instead, observe closely 
the information shown in this figure. 
One sees that when the object is hot
ter than the thermocouple, the deflec
tion produced is in a certain direction, 
and that when the object is colder 
than the thermocouple, the deflection 
is in the opposite direction as one sees 
in the sketch. 

We note in the globar trace that 
carbon dioxide and water vapor in 
the atmospheric path between the 
globar and the thermocouple produce 
absorption. If one notices carefully 
the downscale deflection produced by 
the ice that there are certain places 
where this downscale deflection sud
denly goes upscale. In other words, 
the deflection goes upscale at those 
places where there is more radiation. 
There is more radiation exactly at 
those regions of the spectrum where 
there is more absorption. Again, this 
is another example of Kirchhoff 's 
law. 

The author cannot help but com

ment on the "downscale" or "nega
tive" deflection shown in Fig. 2(c). I 
had taken a group of our undergra¬
dates to Gulkana, Alaska, to study 
the total solar eclipse of 1963. Several 
different experiments were per
formed, and one of them involved the 
use of a thermistor bolometer detec
tor in a large radiometer. 

After the extensive expedition was 
finally set up and we were pointing 
the various optical systems at differ
ent objects to make sure everything 
was in order, I suggested to the two 
students who were tracking the large 
radiometer that they point it at one of 
the mountain peaks that could be 
seen from our location. Suddenly a 
negative signal appeared on the strip 
chart recorder and there was consid
erable confusion. They had failed to 
realize they were looking at snow on 
the top of the mountain and that it 
was colder than their bolometer. 
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