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Hydrogen Spectrum Calculations

With a spectroscope, it is possible to determine the wavelengths of the different spectral lines emitted by an element (or compound).

The spectra lines for Hydrogen are:

a) Red: 656.3 nm

b) Light Blue: 486.1 nm

c) Dark Blue: 434.1 nm
d) Purple: 410.1 nm

Symbols & Constants 
c = Speed of light = 3.00 x 108 m/sec
 = wavelength

h = Planck’s constant = 6.63 x 10-34 J sec
 = frequency

1. Rearrange the formula c = , and calculate the frequency for each of the wavelengths listed above for hydrogen.  Show calculations.  Hint: you need speed of light in nm/sec.

2. Determine the energy of a photon that produces each of these four spectral lines.  Use the formula 
E = h. Show calculations.

3. Niels Bohr was able to derive a relationship that allows us to determine the energy of photons for each line spectra of hydrogen by knowing the energy level from which it came.  This relationship (for hydrogen) is E = -K/n2, where K = 2.178 x 10-18 J, and n = 1, 2, 3, ...(representing each energy level).  This allows us to determine the energy associated with each energy level.  The reason for the negative sign is that energy is used when an electron moves from a lower level to a higher level. 

Use the relationship E = -K/n2 to determine the energy associated with each energy level of hydrogen from n = 1 to n = 6.

	E1 = 


	E4 = 



	E2 = 


	E5 = 



	E3 = 


	E6 = 




4. To find the amount of energy given off (as a certain frequency of light) when an electron "jumps" from n=2 to n=1, you would find the difference in energy between the 2nd and 1st energy levels.  That is, E = E2 - E1.  

Using the energies for the different levels from the results of Step #3, calculate the energy difference between each of the energy levels below.

a) E2 - E1 = 
b) E3 - E1 =

c) E4 - E1 = 
d) E5 - E1 =

e) E6 - E1 = 
f) E3 - E2 =

g) E4 - E2 = 
h) E5 - E2 =

i) E6 - E2 = 
j) E4 - E3 =

k) E5 - E3 = 
l) E6 - E3 =

m) E5 - E4 = 
n) E6 - E4 =

o) E6 - E5 = 


5. Look over the values obtained in step #4 above.  Are any of these close to the values you calculated in step #2?  (Four of them should be.)  Identify the four answers from step #4 that most closely agree with the energy values from step #2.

6. Summarize your results in the following table.  

	Color
	Wavelength
	Frequency
	Energy
	# of levels “dropped”

	Red
	656.3 nm
	
	
	

	Light Blue
	486.1 nm
	
	
	

	Dark Blue
	434.1 nm
	
	
	

	Purple
	410.1 nm
	
	
	


	7. On the diagram below illustrate how a photon of each of the 4 wavelengths is produced.  Be sure to label clearly.
	8. As the number of levels dropped increases, state what happens to each of the following: 

	
	a) 

b) 

c) E

9. Describe each pair of the above as being inversely or directly proportional.


