Beiser Chapter 4 Exercise 9

Question

The Bohr Atom: The fine structure constant is defined as a = e%/2ephc. (a) Show that a = v1/c
where v1 is the velocity of the electron in the ground state of the Bohr atom. (b) Show that the value
of « is very close to 1/137 and is a pure number with no dimensions. (c¢) Show that aay = A./27,
where ag is the radius of the ground-state Bohr orbit and A¢ is the Compton wavelength of the electron.

Solution
Bohr atom
h260 —11
ap =Ty = 5 =5.292 x 10 m
Tme
1.602 x 1019
v ¢ ~ — 2,187 x 10 m /s

~ VAmeomri  \/4n(3.854 x 10-12)(9.1095 x 10-31)(5.292 x 10~ 11)

a) & b)
e
v VAmegmry
B 1 7wme?
¢ dmeom hZeq
2
- 2€0h
U1 - 62
c 2¢ghc
U1
- a=—
c
2187 x 108
3 x 108
~ 1/137

The fine structure constant is close to 1/137 and is clearly dimensionless.

c¢) Compton wavelength for electron Ac = h/mc
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