
Planck’s spectrum as function of wavelength a scientific disaster 
 

Sjaak Uitterdijk 
SjaakenLutske@hetnet.nl 

 
Abstract-Scrutinizing Planck’s spectra as function of frequency and as function of wavelength learns that the last mentioned 
one leads to baffling results. 
 

Introduction 
Planck’s book about this subject, originally written in 1913, has been translated to English as shown in [1]. 
He presents two types of spectra for the so-called black body radiation, one as function of frequency the 
other as function of wavelength. The second one turns out to be a scientific disaster. 
 

The black body power density spectrum as function of frequency resp. wavelength 
Planck presented the following two spectra, supplemented with his commentary in Italics: 

     Kν  = hν3c-2/(exp(hν/kT) - 1)    W/m2/Hz 

 “This is the specific intensity of a monochromatic plane polarized ray of the frequency ν which is emitted from a 
  black body at the temperature T into vacuum in a direction perpendicular to the surface.“ 

     Eλ = (hc2
λ
-5)/(exp(hc/kλT) - 1)   W/m2/m 

 “This is the specific intensity of a monochromatic ray not to the frequency ν but, as is usually done in experimental 

 physics, to the wavelength λ…” 

 
The spectrum Eλ is incorrect for the following 3 reasons: 

1 the maximum of Kν is not at the same frequency as of Eλ  

2 Kν and Eλ show a completely incomprehensible relationship  

3 the dimension of Eλ is meaningless/unphysical 
 

ad 1 The maximum of Kν is found for dKν/dν = 3ν2!(eaν -1)-1 - ν3!(eaν -1)-2!eaν
!a = 3 – aν/(1 – e-aν) = 0 

Approximating 1 – e-aν     by  aν - a2ν2/2     leads to ν = (4/3)!kT/h  Hz 

Approximating 1 – e-aν     by  aν - a2ν2/2 + a3ν3/6    leads to ν =       4!kT/h  Hz 

Approximating (eaν -1)-1    by  e-aν directly in Kν  leads to ν =       3!kT/h   Hz 

The numerical calculation of Kν shows that the latter approximation is accurately close to reality. 

This approximation applied to Eλ and replacing 1/λ by y, leads to Ey = hc2y5
!e-by, with b = hc/kT. 

dEy/dy = 5y4!e-by + y5!(-b)! e-by = 5 - y!b = 0, so the maximum of  Eλ is found at ν = 5!kT/h. 
 

ad 2 The cause of the deviation from ν = 3!kT/h is only the power 5 of λ in Eλ. 

Writing blindly hc2/λ3 instead of hc2/λ5 would lead to the dimension W/m instead of W/m2/m of Eλ. 

The solution to this problem has to be found in the introduction of a constant with dimension m-2, 

instead of the introduction, as Planck did, of λ-2
. However such a constant does not exist. 

In order to show the mutual completely incomprehensible relationship between Kν and Eλ there 
maximum values are compared. 

Applying ν = 3!kT/h in Kν results in Kνmax = 9.5!10-20!T3      W/m2/Hz 

Applying ν = 5!kT/h in Eλ results in Eλmax = 2.0!10-6 !T5     W/m2/m 

These results show their mutual completely incomprehensible relationship and that Eλ has to be rejected. 
 

Ad3 The correct expression for Eλ is found when ν3 in Kν is be replaced by c3/λ3 and Eλ ritten as Eν : 

    Eν = (hc/λ3)/(exp(hc/kλT) - 1)    W/m2/Hz 
 
The integration of this spectrum has of course to be done w.r.t. the frequency. In a numerical situation, 

where λ is taken as the primary variable, ∆λ = λn - λn-1 has to be replaced by ∆ν = c! (1/λn-1 – 1/λn). 

This result forces us to conclude that the dimension W/m2/m of Planck's spectrum Eλ has to be rejected.  

On Planck’s Spectrum as Function of Wavelength



Given the surprising accuracy of the simplified spectra the graphs of Kν and Eν have been drawn for both 
the original and the simplified situation. 
 
Regarding the outcome of the integral of the spectra: the original, carried out by extremely esoteric 

mathematics, see reference [2], leads to π4/15!h-3c-2k4
!T4, the simple one to 6!h-3c-2k4

!T4  W/m2. 
 

 
Figure of Kν 

 
 

 
Figure of Eν 

Conclusion 
The originally by Planck proposed spectrum as function of wavelength has to be rejected and replaced by 
the one as function of frequency, in which the variable frequency is replaced by c divided by wavelength.  
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