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Teacher Resource 1 Analysis of the Balmer Spectrum

•	 Spectroscopic techniques analyse the radiation given off or absorbed by a substance.

•	 Everything has its own unique ‘spectrum’, so its spectrum acts like a fingerprint.

•	 Detailed analysis of a spectrum can reveal much more about its source. For example: what elements it is made 
from, how fast it is moving and its temperature.

A spectrometer is an instrument which allows you to look at spectra and make measurements on it. In this work, you 
may find the following detail of the visible spectrum helpful:

Figure 1. The visible spectrum.

Testing the spectrometer
You can become familiar with the use of the spectrometer by using it to compare the light from a mercury discharge 
lamp with the known values shown in Figure 2 and Table 1. Measure the angle for the different light from a mercury 
tube and use the information below to calibrate the spectrometer.

CAUTION (1): Do not look directly at the light from the mercury lamp as it also emits in the UV. It is safe to observe 
using the spectrometer, as the glass lenses absorb the UV.

CAUTION (2):  All the discharge tubes use a very high voltage WHICH IS LETHAL! Do not touch the tube or its 
holder, or the power supply, without first switching it off and unplugging from the mains supply.

CAUTION (3):  Discharge tubes are not normally made of glass – even though it looks like they are. Do NOT touch 
the tube with your fingers – it will cause the material to allow the gas contained within it to slowly 
leach out – the tube will then simply stop working for no apparent reason. Discharge tubes are very 
expensive to replace!

Figure 2. The emission spectrum of mercury.

 COLOUR INTENSITY WAVELENGTH (nm)

 purple medium 404.7

 purple weak 407.8

 blue strong 435.8

 green weak 491.6

 green strong 546.1

 yellow strong 577.0

 yellow strong 579.1

Table 1. The visible lines for mercury.
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Measurement of the Balmer Series
The Spectrum for hydrogen is shown in Figure 3.

Figure 3. The (Balmer) emission spectrum of hydrogen.

Set up the spectrometer with a Balmer tube and draw up a suitable data table for the spectral lines. This should 
include all the raw data i.e. the colour and diffraction angles of the lines. There should be four main lines in the visible 
spectrum, but the shortest wavelength line is quite weak and hard to see. For some people it is beyond the visible 
response of their eyes. However, three lines should be clearly visible.

Analysing the Balmer Series
Balmer discovered a formula for the frequencies (f) of the visible hydrogen lines. Later, Rydberg generalised Balmer’s 
formula to include similar series of frequencies of lines in other parts of the electromagnetic spectrum emitted by 
hydrogen (e.g. the Lyman series in the ultra violet and the Paschen series in the infra red and so on). Except for the 
Balmer Series, each series is named after the scientist who discovered it experimentally.

Rydberg’s general formula is:

f = R c [ 1

nf
2

 

–

 

1

ni
2 ]

where:

R : Rydberg’s constant = 1.0973731 × 107 m-1

c : speed of light = 3 × 108 ms-1

ni : The quantum number of the initial energy level for the electron

nf : The quantum number of the final energy level for the electron.

Data check
Compare your experimental values with the data book values for the frequencies of the lines in the Balmer Series:

4.57 × 1014 Hz

6.17 × 1014 Hz

6.91 × 1014 Hz

7.31 × 1014 Hz

Fitting the data
Quantum numbers can only take integer values. The lowest energy level has n = 1, the next highest has n = 2 and so 
on.

•	 Why must quantum numbers be integer?

•	 Why is n = 0 not allowed?
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The series of spectral lines correspond to electrons making transitions from higher energy levels to the same lower 
energy level with a particular value of nf. Thus once nf is known, the values of ni are given by (nf + 1), (nf + 2) i.e.

 Quantum Number of final level Quantum Numbers of initial levels

 1 2, 3, 4, 5, ….

 2 3, 4, 5, 6, ….

 3 4, 5, 6, 7, ….

  etc etc

Thus the frequencies of the lines only depend upon the value of ni.

Multiplying out the bracket in the Rydberg Formula gives:

f =

 

Rc
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 –
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So, a graph of f (y-axis) versus i (x-axis) should be linear with:

1) Slope  = – Rc

2) Intercept =

 

Rc

nf
2

 

Combining these two results gives: Intercept =

 

Slope

nf
2

 

Remember that nf will be a set of integer values greater than ni.

The analysis is now to plot a set of graphs of f against 
1

nf
2

  

assuming the value of nf. 

Only the correct choice of nf will produce a linear graph with self-consistent values of the slope and the intercept, i.e. 

1. Assume nf = 1
2. Assign the values of ni against the different values for frequency
3. Produce the graph
4. Fit the best straight line
5. Determine the slope and intercept
6. Check their self-consistency
7. Repeat this process now assuming nf = 2
8. Does nf = 2 give a better self-consistency than nf = 1?
9. Repeat for nf = 3 etc
10. Which value of nf gives the best self-consistency?
11. For this value of nf, calculate a value for R from both the slope and the intercept
12. Explain which determination of R is the most precise.



4

Quantum and photo-electric effects

© OCR 2015 AS and A Level Physics A

Teacher Resource 1

Niels Bohr was able to show theoretically that R is a combination of fundamental constants:

R =

  

me e
4

8εo
2  h3 c

 

So you can check the accuracy (not the same as precision, remember) of your determination of R with the accepted 
value (to 8 sf ) of 

R = 1.0973731 × 107 m-1
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