Hydrogen Spectrum

Purpose: To investigate the Balmer Series for hydrogen.

Equipment: Spectrometer, diffraction grating, grating holder, Hydrogen tube, power supply plus tube holder.

Discussion:

When a spark is passed through a tube of hydrogen gas, it dissociates H2 molecules into hydrogen atoms and the tube glows with a red light. This light can be passed through a slit and the collimated light then dispersed by a diffraction grating. An analysis of the dispersed light shows that there are only four wavelengths of light emitted in the visible region of the electromagnetic spectrum. The wavelengths of this visible light are given below. During the second half of the nineteenth century, Swedish physicist A. J. Angstrom measured these wavelengths and some lines in the ultraviolet region were measured by others.
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in nm

Red
656.28

Blue-green
486.13

Blue-violet
434.05

Violet
410.17

In 1885 Swiss physicist Johann Jacob Balmer found an empirical formula that gave these wavelengths. 
[image: image2.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

=

4

6

.

3645

2

2

n

n

l

. Not knowing about measurements for other spectral lines, Balmer predicted that there should be a fifth wavelength, for 
[image: image3.wmf].

7

=

n

 When he found out, he was able to show that the wavelengths for the first nine lines of the hydrogen spectrum all agreed with his formula within experimental error. 

We will verify Balmer’s formula for hydrogen’s visible spectra in the form which is typically given: 
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where 
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m-1 is called the Rydberg constant. 

Balmer’s formula was derived in 1913 by Niels Bohr, who introduced the concept of the quantization of energy in the hydrogen atom, coupled with the idea that atoms consist of a heavy positively charged nucleus orbited by the lighter negative electrons. When an electron is excited, it may be allowed to move between two orbits by absorbing, or emitting energy in a single packet, or quantum, equal to the energy difference between the two levels. The wavelength of emitted light is then obtained from the Planck formula, 
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From Bohr’s model, the energy in the nth orbit of a single electron rotating about a nucleus consisiting of Z protons, is given by 
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, where m is the mass of the electron, 
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 is the permittivity of free space, and h is Planck’s constant. The difference between any two levels, n1 and n2 can be written as 
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.  If this difference is to correspond to quanta of energy satisfying Planck’s equation, then the wavelength can be found. In the case that 
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Balmer’s formula results.
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Instructions:

1.   Be careful handling the equipment in this lab! The power supply has a 5000V potential difference between the terminals and the tubes get very hot. Always disconnect the equipment when it is not being used and allow it to cool.

2.  Make sure the hydrogen tube is vertical and directly behind the collimating slit. 

3.  Look through the telescope in a direct line with the collimator and adjust the tube so that the light seen through the telescope is as bright as possible.

4.  Adjust the table so that the 180 degree mark is under the Vernier scale when the cross hair in the telescope is aligned with the bright spot. Lock the table, but not the telescope, in this position.

5.  You are now ready to make measurements. Move the telescope to the right until you just make out the first visible (vertical) line, the red spectral line. Adjust the position of the telescope so that this line falls on the cross hair of the telescope. Record the angle under the Vernier scale as accurately as possible. 

6.  Repeat the process in step 5 for the corresponding red line on the left side. Carefully move the telescope to the left, past the central bright image until you see the spectral line and record this angle.

7.  Repeat Steps 5 and 6 for the remaining three visible lines of the hydrogen spectrum. It might be difficult to pick out all of the lines, unless you have a bright tube and it is really dark in the room with no light coming from any other sources.

8.  Fill in the rest of the table to compute obtain experimental values of the wavelengths from the diffraction grating formula just like you had done in the last lab.

9.  Use Balmer’s formula to compute Rydberg’s constant for each wavelength and then average these values for your calculated value of this constant. Compare this to the actual value. Show your work on the back of the page.

Data:

Number of lines per meter on the grating    ___________________.

Grating constant d in meters  ___________________.

Hydrogen Lines
Measurements
Calculations
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Calculated value of Rydberg’s constant  ___________________.

Accepted value of Rydberg’s constant  ___________________.

Percent Error  ___________________.
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