
Janne Rydberg  
and his formula
On how a numerical genius from 
Halmstad became world famous.
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Johannes Robert Rydberg, better known as 
Janne Rydberg, was born in Halmstad in 1854. 
At the age of 19 he moved to Lund and began 
studying mathematics at Lund University.

The man behind the formula
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During his first years as a student, Rydberg developed 
a strong interest in the periodic table of the elements, 
which had been published in the 1860s by Russian 
Professor of Physics Dimitri Ivanovich Mendeleev.
In the table, all the known elements, 63 in total, were 
arranged in increasing order of atomic weight, and 
elements with similar chemical properties were placed 
below one another. Gaps in the table showed that not 
all the elements had yet been discovered.

The periodic table
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Rydberg’s interest in mathematics and numbers meant  
that he wanted to find a mathematical explanation of  
the periodic variation in the properties of the elements.
He suspected that there was a connection with another  
of the unsolved mysteries of physics, the spectral lines  
of the elements. Unexplained regularities had also been  
observed there.

Why is the table periodic?

In one of his attempts to find a mathematical explanation, 
Rydberg placed the elements in a spiral.
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Spectral lines
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In the 1850s, Bunsen and Kirchhoff discovered 
that the spectral lines are unique to each element. 
In a letter to a colleague, Bunsen wrote:

At present Kirchhoff and I are engaged in  
a common work which doesn’t let us sleep ... 
Kirchhoff has made a wonderful, entirely 
unexpected discovery in finding the cause 
of the dark lines in the solar spectrum.

The discovery enabled the determination  
of the Sun’s and stars’ composition and  
also the discovery of new elements.

Unable to sleep
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Many elements had very complicated spectra 
with large numbers of lines. In some simpler 
cases, series of spectral lines could be distin-
guished.
Rydberg – and many others – considered that  
it should be possible to find a mathematical 
formula to describe the lines in a series.

Solar spectrum

Spectral lines of chemical elements
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Rydberg’s interest was in studying periodic pro-
perties of the elements. He therefore chose to 
simultaneously study spectra from a number of 
elements that belonged to the same group in  
the periodic table, for example the alkali metals  
Li, Na, K.
These have a more complex structure than hydro-
gen and a number of series could be distinguished 
in each element.
After extensive experiments with different mathe- 
matical equations, he was able to present his first  
results in 1887 in a report to the Royal Swedish 
Academy of Sciences.

The simplest series of spectral lines had been observed in hydrogen.
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In Lund Rydberg described his work at a meeting  
of the Matematisk-Fysiska Föreningen  
(Mathematics & Physics Association) in 1888.

Today the formula is written as follows:

R, n, c1 and c2 are constants in a series of lines.  
n and m are whole numbers, where m is greater  
than n. If m increases in intervals, the formula  
describes the wavelength λ of the lines in a series.

Rydberg’s report to the Royal Swedish Academy of Sciences.

Series formula
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By changing the constants, n, c1 and c2 Rydberg was 
able to describe other series in the same element and 
even series in other elements.
His most surprising discovery was that the constant 
R was the same for all series in all elements.

The Rydberg constant
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In 1913, by introducing two simple postulates  
(theoretical predictions), Niels Bohr successfully 
derived a theoretical formula for the hydrogen 
spectrum which had the same form as Rydberg’s 
formula (with the constants c1 = c2 = 0).
The theory also gave a value for Rydberg’s  
constant R that was in good agreement with  
Rydberg’s experimental value.

Bohr’s model of the atom
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The discovery of the series formula for simple 
spectra showed that 1/λ=σ is the important quan-
tity in spectra. Quantum physics later showed  
that σ is proportional to the photonenergy.

The formula shows that a spectral line can be  
written as the difference between two terms.  
This is known as the Rydberg-Ritz combination 
principle. Quantum physics later showed that  
the terms are the atom’s energy levels.

What is now called the Rydberg constant was 
shown to be a combination of other physical  
constants. Because it can be measured very ac- 
curately using spectroscopy, it is fundamental for 
the determination of other physical constants.

Rydberg and quantum physics
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The periodic table was always Rydberg’s main 
interest. He continued to test different methods  
to explain the periodic regularities and tried to  
arrange the table in different ways.
The final explanation of the periodicity  
was found with Wolfgang Pauli’s  
postulate; that the quantum  
numbers of two electrons in a  
system cannot all be the same.
The postulate is known as  
the exclusion principle and  
was presented in 1925, six  
years after Rydberg’s death.

One of Rydberg’s attempts to  
explain the periodic regularities.

Back to the periodic table
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At the age of 47, recently appointed extraordinary  
professor, Rydberg wrote in his diary:

It appears obvious to me, when I think about 
the ways I was led to this work, which was to 
become my goal in life, that all the difficulties  
and setbacks have been just as necessary to 
facilitate the work as the successes I have had, 
or even more necessary ...

... The one who meets obstacles on the path 
he first chose and is thus led onto other possible 
paths has a much more secure path than the one 
for whom the entire field lies free and open so 
that he doesn’t know which way he may go.

My goal in life
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In 1954, to commemorate the 100th anniversary of 
Rydberg’s birth, a conference was held in Lund. 
It was attended by a number of the world’s leading 
atomic physicists, including seven Nobel Prize 
Laureates – three who had already been awarded 
the prize and four who would go on to receive it.

Niels Bohr gave a presentation entitled: 
Rydberg’s discovery of spectral laws.
Wolfgang Pauli contributed with: 
Rydberg and the periodic system of the elements.

The Rydberg conference

Niels Bohr (1922) 
Wolfgang Pauli (1945) 
Frits Zernike (1953) 
Alfred Kastler (1966) 
Gerhard Herzberg (1971) (Chemistry) 
Aage Bohr (1975) 
Ben Mottelson (1975)
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