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Extension 

At a glance: Bohr’s atomic model 
Bohr’s model is a ‘classical’ model, meaning that it treats electrons as simple particles moving in 
circular orbits and does not include any quantum mechanics or relativity. It correctly predicts several 
observed properties of atoms, including the wavelengths of the hydrogen line spectrum.  But it also 
has limitations. For example, it cannot straightforwardly be applied to atoms with more than one 
electron, nor can it explain the different strengths of emission lines within a given atom’s spectrum.   

For a better atomic theory, we need quantum mechanics. The model using de Broglie waves is a first 
step towards a quantum mechanical theory, but it has most of the same limitations as Bohr’s original 
model. A full quantum mechanical model involves a much more sophisticated mathematical treatment 
of electron behaviour, using ideas of probability. 

Bohr’s model and de Broglie waves 
In this issue’s ‘At a glance’ we said that Bohr’s idea about quantisation of  angular momentum was 
equivalent to fitting a whole number of de Broglie waves (wavelength λdeB) around an electron’s orbit. 

The equation for quantisation of angular momentum 

L = nh/2π  (1) 

can be written 

mvr = nh/2π  (2) 

The de Broglie equation 

λdeB = h/p (3) 

can be written 

λdeB = h/mv (4) 

A circular orbit of radius r has circumference 2πr, so to fit in a whole number of wavelengths we must 
have:  

2πr =  nλdeB (5) 

so 

2πr =  nh/mv (6) 

Multiplying Equation 6 by mv and dividing by 2π produces Equation 2, so they are just rearranged 
versions of the same equation. 

Hydrogen orbital radii  
Bohr’s model lets us calculate the size of the allowed electron orbits in hydrogen. 
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The model treats the electron in a hydrogen atom as a ‘classical’ particle with charge –e and mass m 
moving with speed v  in a circular orbit, radius r,  about a stationary proton whose charge is +e. This 
motion requires a centripetal force, F: 

F = mv2/r (7) 

The force is provided by the electrostatic attraction between electron and proton, described by 
Coulomb’s law: 

F = e2/4πε0r2 (8) 

where ε0 is the permittivity of a vacuum. 

From Equations 7 and 8: 

mv2/r = e2/4πε0r2 (9) 

Multiplying both sides by r2: 

mv2r = e2/4πε0
 (10) 

We can now use Equation 2 to eliminate v from Equation 10 and get an expression for r in terms of 
various constants.  It just takes a bit of algebra… 

Divide Equation 2 by m and by r: 

v = nh/2π mr (11) 

then square both sides: 

v2 = n2h2/4π2 m2r2 (12) 

Now substitute this expression for v2 into Equation 10: 

mr n2h2/4π2 m2r2 = e2/4πε0
 (13) 

and cancel as much as possible: 

 n2h2/πmr = e2/ε0
 (14) 

Finally, to make r the subject, multiply both sides by r and ε0 and divide by e2: 

r = n2h2 ε0/π e2m (15) 

Hydrogen energy levels 
From the orbital radii, we can calculate the electron energy levels in Bohr’s model of the hydrogen 
atom. 

An electron charge –e and mass m orbiting a stationary proton with speed v  in a circular orbit, radius 
r,  has energy E which is the sum of its kinetic energy, Ek and electrostatic potential energy Ee: 

Ee = – e2/4πε0r  (16) 

From Equation 10: 

 Ek = ½ mv2 

 = e2/8πε0r (17) 
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Hence 

E = Ee + Ek  

 = – e2/8πε0r (18) 

Using Equation 15 to substitute for r (and cancelling π) we get an expression for En, the energy of the 
nth orbit: 

En = – me4/8 ε0
2h2n2 (19) 

We can simplify this a lot by writing 

En = – A/n2  (20) 

where A is a constant that can be calculated from the known values of m, e, h, and ε0. 

Hydrogen emission line wavelengths 
Using the energy levels calculated using Bohr’s model, we can work out the wavelengths of the 
hydrogen emission line spectrum. 

If an electron falls from a high energy level to a lower one, Equation 20 tells us that it loses energy ΔE: 

ΔE = A (1/n2
i – 1/n2

f) (21) 

where i and f indicate the initial and final levels. 

The energy of the emitted photon is 

E = hf = hc/ λ  (22) 

where c, f and λ are the speed, frequency and wavelength of the electromagnetic radiation. 

From Equations 20, 21 and 22 we can write 

hc/ λ = A (1/n2
i – 1/n2

f) (23) 

Equation 23 matches the observed wavelengths of hydrogen almost exactly. The match is not quite 
perfect because we have treated the proton as stationary, whereas both the proton and electron would 
orbit about their common centre of mass. When the equations are adjusted to account for this, the 
match between theory and observation becomes exact: 

1/ λ  = R (1/n2
i – 1/n2

f) (24) 

where R is the Rydberg constant (R = 1.097 × 107 m–1). R is named after Swedish physicist Johannes 
Rydberg, and its value was measured experimentally in the 1880s, well before Bohr’s theory was 
developed. 


