
Planck's 
radiation law 

By J. H. Taylor 

Editor's note: This is the second of 11 monthly install
ments of lecture demonstrations on radiation exchange, 
by J. H. Taylor of Rhodes College in Memphis, Tenn. 
Next month's topic: Kirchhoff's law. 

In my article, "Radiation exchange" (Applied Optics, 
Feb. 15, 1987), I discuss radiation from objects by ex

amining the Stefan-Boltzmann Law. Historically, this law 
was discovered empirically before the theory behind it was 
known. The theory behind the Stefan-Boltzmann law is 
Planck's radiation law. 

Since this discussion is addressed to the beginning stu
dent it would not be appropriate to go into the develop
ment of Planck's radiation law. Instead, we shall simply 
state the law and then proceed to examine the multitude 
of information contained in this law. 

Planck's radiation law is given by 

where C1 and c2 are referred to as the first and second 
radiation constants, respectively, λ is the wavelength and 
T the temperature of the source in degrees Kelvin. In this 
equation, W is referred to as the "spectral radiant emit¬
tance." 

Figure 1 has been included to help the student with this 
law and from this figure the student will see that the first 
and second radiation constants have been expressed in 
terms of the velocity of light, c; the Planck constant; h and 
the Boltzmann constant, k. Figure 1 requires careful obser
vation and study because it contains much information. 

As indicated in this figure, if one integrates Planck's 
equation from " 0 " to " ∞ " , i.e., integrates over all wave

lengths, one obtains the Stefan-Boltzmann law. The stu
dent is urged to note that the Stefan-Boltzmann constant is 
expressible in terms of c, k, and h. 

For a fixed T, W becomes a function only of λ as shown 
in Fig. 1. From this figure one notes that at the peak of the 
curve dW/dλ equals "zero." Calling the wavelength corre
sponding to the peak of the curve " λ m a x i m u m " , carrying 

FIGURE 1. Planck's radiation law. 
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out the differentiation referred to previously and equating 
it to zero, one obtains the following equation, namely, 

This is known as the Wien displacement law and was dis
covered empirically before it was understood theoretically. 

The student is urged to study carefully the Wien dis
placement law and to try to appreciate the fact that it is a 
powerful tool in remote sampling. Imagine, if you will, an 
infrared spectrometer located in the focal plane of a re
flecting telescope and pointed toward a distant object, say 
a star. The spectrometer, if it has been wavelength and 
radiometrically calibrated, will yield one a plot similar to 
the curve shown in Fig. 1. By measuring λ m a x i m u m and 
invoking the Wien displacement law one can determine 
the temperature of the star! 

Many relationships can be developed from the Planck 
radiation law. For example, the peak radiation from two 
objects at different temperatures, say one body at 1000 K 
and another body at 500 K, will vary as the ratio of the 
absolute temperatures raised to the fifth power, i.e., 
(1000/500)5 = 32. If one normalizes the peak of the radia
tion curve to " 1 " and comes down on the ordinate scale to 
the point corresponding to 0.5, and at that point draws a 
horizontal line, a very interesting result can be obtained. 

At the points where the horizontal lines cross the Planck 
radiation curve, i.e., at points " a " and " b " , drop perpen
diculars to the wavelength axis. Call the points where 
these perpendiculars cross the wavelength axis λshort and 

λlong as indicated in Fig. 1. One can easily show, although 
we shall not do it, that between λ s h o r t and λlong there is 
60% of the total area under the curve. Also, one can show 
that from λ l o n g towards longer wavelengths there is 37% 
of the area under the curve and that from λshort to shorter 
wavelengths there is 3% of the area of the curve. One can 
also show that from zero to λmaximum there is 25% of the 
total area under the curve. 

One can work out other relationships similar to the 
Wien displacement law which indicate the following, 
namely, 

The various relationships indicated in Fig. 1 can be very 
useful for computational purposes. The student is urged to 
try to develop a feeling for the differential nature of 
Planck's radiation law (Eq. 1). W ( λ , T) can have a finite 
value only when one considers a finite wavelength inter
val. 

From a historical standpoint, the two earliest attempts 

at explaining curves such as shown in Fig. 1 were the em
pirical radiation laws of Wien and Rayleigh-Jeans. These 
laws are, of course, special cases of the more general law 
developed by M a x Planck. 

We shall now show that Eq. (1) takes on simpler forms 
for small and large values of the product, λT. 

Equation (5) is known as the Wien radiation law. 
Let x = c 2 /λT and write Eq. (1) as follows 

Recall the series expansion for e x , namely, 

Equation (6) can be written as: 

Assume "x" to be small (less than unity) and neglect high
er terms in x2, x3, x4, etc. In other words, assume λT is 
large. Under this assumption Eq. (7) becomes: 

Equation (9) is known as the Rayleigh-Jeans radiation 
law. 
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