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EXCHANGE 

Kirchhoff's law 
By J. H. Taylor 

Editor's note: This is the third of 11 
monthly installments of lecture dem
onstrations on radiation exchange, by 
J.H. Taylor of Rhodes College in 
Memphis, Tenn. Next month's topic: 
Radiant emissivity. 

A simple demonstration 

Kirchhoff's law of radiation says 
that objects are good emitters of radi
ation if they are good absorbers of ra
diation. A straightforward way to 
demonstrate this is to use a Leslie 
cube filled with hot water, a radiation 
thermopile, and a galvanometer. This 
apparatus is shown in Fig. 1. 

A Leslie cube is a thin-walled metal 
can (in the shape of a cube) with an 
opening in the top for pouring the hot 
water. Of the four vertical sides, one 
is shiny and the other three are paint
ed different colors, one of which is 
black. Since the temperature of all 
faces of the cube is the same, any dif
ference in the amount of radiation 
(i.e., the radiance) is due to a differ
ence in the radiant emissivity of the 
face of the cube. 

When the Leslie cube is positioned 
in front of the radiation thermopile (I 
use a lab jack on top of which is a 
small piece of wood for supporting 
the cube), one records a considerably 
larger galvanometer deflection from 
the blackened side of the cube than 

FIGURE 1. Demonstration of Kirchhoff's law of radiation, using a Leslie cube 
Med with hot water, a radiation thermopile, and a galvanometer. 

FIGURE 2. Another set-up to demonstrate Kirchhoff's law, using an infrared 
spectrometer and a strip chart recorder. 
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from the shiny side of cube. Obvious
ly, the blackened side of the cube is a 
better absorber of visible radiation 
than is the shiny side. It is also a bet
ter absorber in the infrared. 

An elegant demonstration 
Unless the temperature of an object 

is quite high, the majority of its radia
tion will lie in the infrared spectral re
gion. By having apparatus that per
mits infrared spectroscopic measure
ments, the teacher w i l l f ind that 
whole new vistas of opportunities will 
have been opened to students. 

Figure 2 is a photograph of the ex
perimental set-up used by the author. 
It should be noted that this arrange
ment is mounted on casters so the ap
paratus can be easily rolled to wher
ever it might be needed. There is even 
a water pump as part of this system 
so that water for use with the globar 
source is readily available at all loca
tions. 

The spectrometer shown in Fig. 2 is 
a Perkin-Elmer model 12 C infrared 
spectrometer and its associated elec
tronics. The strip chart recorder is a 
Leeds & Northrup type G. I have 
found the Perkin-Elmer model 12 C 
to be a real workhorse in our teaching 
program. These spectrometers have 
been commercially available for many 
years, certainly since the 1940s. 

With the availability of apparatus 
such as that shown in Fig. 2, one can 
carry out what I call an elegant dem
onstration of Kirchhoff's law. Figure 
3 is a schematic drawing of the dem
onstration. As shown in Fig. 3(a) one 
first observes the absorption spec
trum of carbon dioxide. One uses a 
globar source and an absorption cell 
(about 10 cm in length) equipped 
with sodium chloride windows for 
this observation. One obtains a trace 
on the strip chart recorder as indicat
ed in Fig. 3(a). 

In order to carry out the next part 
of the demonstration, one needs to 
have made a helix of copper tubing 
(about 3/8 in. outside diameter and 1/ 
4 in. inside diameter) that is several 
feet in length. One then arranges to 
pass carbon dioxide gas through this 
helix while the helix is being heated 
by several Bunsen burners. The escap
ing hot carbon dioxide gas now be
comes the source of radiation instead 
of the globar. 

In the spectrometer shown in Fig. 
2,I have modified the base by drilling 
and tapping two 1/4—20 holes in or
der to be able to locate the radiation 
chopper in front of the entrance slit in 
addition to its usual location in front 
of the globar. This modification, plus 
the rotation of a plane mirror in the 
source housing of this spectrometer, 
makes it a simple matter to image the 
radiation from the hot carbon dioxide 

Continued on next page 

FIGURE 3. Schematic drawing of the demonstration. (a) The absorption spec
trum of carbon dioxide. (b) The deflection on the strip chart recorder. 

FIGURE 4. Demonstration of self-absorption, showing the result of increasing 
amounts of absorption by the carbon dioxide. 
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gas on the entrance slit of the spec
trometer. 

When one now scans the spectrum, 
the deflection on the strip chart re
corder will be as indicated in Fig. 
3(b). This is an extremely pedagogical 
demonstration. 

Self-absorption 
With a little additional effort, the 

teacher can extend this elegant dem

onstration of Kirchhoff's law to dem
onstrate the phenomenon of self-ab
sorption. Figure 4 is a sketch of this 
demonstration. In order to carry out 
this part of the demonstration, one 
will need a first surface aluminized 
spherical mirror in order to form a 
real image of the radiation from the 
hot carbon dioxide gas at the same 
distance that the globar is from the 
entrance slit of the spectrometer. 

By changing the distance between 
of the spectrometer, one causes the 

radiation to travel over greater dis
tances and hence through more car
bon dioxide gas. The result of increas
ing amounts of absorption by the car
bon dioxide is shown in Fig. 4. 

The case corresponding to a dis
tance of about a thousand feet is quite 
interesting in that what began as an 
"emission band" now appears to be 
two separate emission bands. The 
phenomenon of self-absorption is of
ten encountered in carrying out spec
troscopic interpretations. 
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