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The photoelectric effect
The photoelectric effect, shows the  particle nature of light and bears on the importance of Planck’s constant h , see e.g. http://www.cas.muohio.edu/~marcumsd/p293/lab1/lab1.htm
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Fig 1.   A schematic arrangement is shown.

A lamp of mercury can provide a variety of lines in the visible. By means of filters,  light of a single frequency  ν ( Hz)  (“color”) can be selected to be incident on the photocell . A stopping voltage is measured to require zero current. The plot of V vs frequency ν results in a linear form
                                          V = m ν - b                            .  ( 25   )

It truns out that the slope (m)  equals the ratio of Planck constant to the electron charge (h/e). The intercept b , depends on the particular metal from which the electrons are ejected. Equation (   ) leads to 

hν = e( V+ b) ~energy of the light corpuscle, is spent in work done against the metal  e b  ~ joules and the work against the stopping potential eV ~ joules.




Fig    taken from http://openwetware.org/wiki/Image:Stopv_vs_fq1.jpg.

Emission lines of hydrogen
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Fig 1. The Balmer series is composed of the visible lines of hydrogen .

The first four lines of this spectra going from Hα  to Hδ have wavelengths

6.56 E -7 m , 4.86E-7 m ,4.34E-7 m ,4.10E-7 . Other lines of shorter wavelength fall to the left of Hδ .

It was discovered that these lines satisfied the relation

                          1/λ = R( 1/4 - 1/n2 ) , n= 3,4,5….. (Balmer series),
where R =1.10E7 m-1 is called Rydberg constant.
Another  series that falls in the ultraviolet region satisfies 

                              1/λ = R( 1/1 - 1/n2 )  , n=2,3,4… ( Lyman series).
There is no wavelength detected smaller than λ=1/R.

And there are still other series with a set  λ  greater than the Balmer series

To explain these spectra one can suppose that the energy is quantized according to the formula
                                               En = - /E1/ /n2                      , (   26 )
where /E1 / is the absolute value of hydrogen’s ground state. 

The Lyman series , for example, is produced when the atom makes a transition from the excited n-th state to the first level. the Balmer series is produced from transitions from the  n-th level to the second level.

The differences occurring in the transitions  have to be related to the photon energies hν. 

Take the Lyman series and equate the energy of a photon given off in the transition from lelel n to level 1.

The relation               hν = /E1 /( 1/1 – 1/n2 )  can be writte in terms of wavelength , ν =c/λ as ,

                          1/ λ  =   (E1/(hc) ) ( 1/1 – 1/n2 )         .  ( 27   )

It follows that      R= 1.10E7 m-1 = E1/(hc)    and 
/E1 / = R (hc) = 2.19E-18 joules =  13.6 eV                   . ( 28     )       

This is consistent with eq(3) of the Introduction where the energy was obtained through dimensional analysis. 

Davisson - Germer experiment




Fig 1. Davisson on the left and Germer on the right.

The  Davisson-Germer experiment confirmed the de Broglie hypothesis that electron can show  a wave-like nature. Electrons were diffracted in a crystal very much like X-rays. The observation of diffraction allowed the  measurement of a  λ  which agreed well with de Broglie's equation λ = h / p.
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Taken from http://hyperphysics.phy-astr.gsu.edu/hbase/davger.html.

Bragg’s law for X- rays state that the angles of diffraction - θ- for a crystal with a known lattice spacing= d   satisfy
                      d sin(θ) = n λ      , n=1,2….

A beam of electrons was accelerated by 54 volts .

Thus for an individual electron ,   p2/(2m) = eV ; p = ( 2meV)1/2  and    

λ = h / ( 2meV)1/2  .
Using the data ,

data h,k,m, e/6.63e-34,1.38e-23,9.11e-31,1.602e-19/

      data V/54.0 /
Gives λ= 1.70 Angstrom  , and the first diffraction maxima should be detected at   θ = sin -1 ( 1.70/2.15) = 52.2 degrees. The above diagram shows the peak at 50 degrees.   
