
THE RYDBERG EQUATION

The source of lines in the emission spectrum of Hydrogen baffled scientists for many years.

In 1885 Rydberg (a mathematician) and Balmer (a physicist) empirically discovered an equation which related mathematically the wavelengths of the 4 bright lines observed in the emission spectrum of Hydrogen.

This equation is known as RYDBERG’S EQUATION:
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n = an integer greater than 2

n = 3

( = 6.56 x 10(7 m
= 
656 nm
Red Line

n = 4

( = 4.86 x 10(7 m
=
486 nm
Blue-Green Line

n = 5

( = 4.34 x 10(7 m
=
434 nm
Blue Line

n = 6

( = 4.10 x 10(7 m
= 
410 nm
Violet Line 

Later Rydberg generalized his equation to include the wavelengths of those spectral lines whose wavelengths are not in the range of visible light.

GENERALIZED RYDBERG EQUATION:
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Rydberg did not provide an actual explanation of the line spectra

PLANCK’S QUANTIZATION OF ENERGY

- is based on experimental observations.

Background:

THE LIGHT GIVEN OFF BY A HOT SOLID VARIES WITH TEMPERATURE

At lower temperatures (750 0C)
- red light is emitted 

  (a heated solid glows red)

At higher temperatures (1200 0C)
- yellow and blue light is also emitted

   and mixes with the red light 

  (the heated solid glows white)

Planck’s Explanation:

1.
The atoms of the solid vibrate with a specific frequency which

 
depends on the:
- type of solid, and

- temperature of the solid

2.
An atom could have only certain energies of vibration:

E = nh(


where: 
E = energy

            
n = an integer, called quantum number (can be 1, 2, 3…) 


            
( = frequency of vibration



    
h = Planck’s constant = 6.63 x 10(34 J . s

3. The only energies a vibrating atom can have are: h(, 2h(,  3h(,  4h(…)  

PLANCK’S CONCLUSION:

THE VIBRATIONAL ENERGIES OF THE ATOMS ARE QUANTIZED
(the possible energies of atoms are limited to certain values)

THE DUAL NATURE OF LIGHT

Traditionally:
Light was considered to be made of waves

Einstein rationalized that:

If a vibrating atom changed energy (say  from 3h( to  2h():

- the energy of the atom would decrease by h(,

- a quantum of light energy equal to h( would be emitted,

   (called this quantum of energy a photon)

Einstein postulated that:

Light consists of quanta of energy, called photons, which are particles of electromagnetic energy (particles of light)

E = h(

where

E = energy of photon (light particle)







h  = Planck’s constant (6.63 x 10(34 J . s)

(  = frequency of light
CONCLUSION

LIGHT HAS A DUAL NATURE

PARTICLE NATURE       
      and


 WAVE NATURE

This is illustrated by the formula:
    E = h (

E = energy of a light particle   
                        ( = the frequency of the
      (a photon)                                                              associated light wave
SAMPLE PROBLEMS

1.
What is the energy of a photon corresponding to radio waves of frequency 1.255 x 106/s ?
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    E = 8.32 x 10(28  J
2.
Light with a wavelength of 465 nm lies in the blue region of the

 
visible spectrum.  Calculate the frequency of this light.
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SAMPLE PROBLEMS

3.
What is the wavelength of microwave radiation whose frequency is

1.145 x 1010/s







 c




     1

c = ( x  (


( =  
(


( =  1.145 x 1010  (                                                (

                     s


                       m




 m 

           3.00 x 10 8   (  

c = 3.00 x 10 8  (



                s


              ( = 
((
((
((((
  =  2.62 x 10(2 m

                                                                1




 

           1.145 x 1010  (  



        

( = ?


 


                  s
4.
The green line in the atomic spectrum of thallium has a wavelength

of 535 nm.

Calculate the energy of a photon of this light.
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E = 3.72 x 10(19 J 
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BOHR’S POSTULATES

Bohr tried to account for two phenomena that were unaccounted for in his time:

1.
The electron in the H atom does not spiral into the nucleus


(the electron would continuously give off energy as it spirals into the

 nucleus)

2.
The line spectrum of the H atom.

Bohr’s Postulates:

1.
ENERGY-LEVEL POSTULATE

An electron can have only specific energy values in atom, called

energy levels

Consequence:
The atom can have only specific energy values.


Bohr derived a formula which can be used to calculate the energy

values for the electron in the H atom
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where:


RH = constant = 2.179 x 10(18 J

n   = an integer, which can have the follow values: 1, 2, 3, 4, 5….(

(also called the principal quantum number)

2. TRANSITIONS BETWEEN ENERGY LEVELS
   An electron in an atom can change energy only by going from one

   energy level to another level. The electron undergoes a transition.

   a) Emission of Light Energy
      An electron in a higher energy level (initial energy level, Ei )

      undergoes a transition to a lower energy level (final energy level, Ef)





    Ei

In this process, the electron loses energy,  



    e


which is emitted by the atom as a photon






Result: A bright line appears in the line





    Ef

            spectrum


Energy of the emitted photon = Ei  ( Ef  = h(
   b) Absorbtion of Heat or Electrical Energy
       Normally, the electron in the H atom exists in its lowest energy level

       (n = 1)

      To get into a higher energy level, the electron must gain energy or

      get excited.

     When Hydrogen gas is heated, its molecules move much faster. 

     High energy collision between molecules will make one atom gain

     energy from another, by moving the electron from the lowest energy

     level (E1) to a higher level (for example E2)
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E1  (initial)



Energy absorbed =  Ef   (    Ei   = E2  ( E1  =    h(
Transition of the electron in the H atom
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